12 United States Patent

US010430511B2

(10) Patent No.:  US 10,430,511 B2

Wolfram et al. 45) Date of Patent: Oct. 1, 2019
(54) METHODS AND SYSTEMS FOR (52) U.S. CL
GENERATING APPLICATION CPC ......... Gool’ 177243 (2013.01); GO6L 3/0482
PROGRAMMING INTERFACES (2013.01); GO6F 8/315 (2013.01); GO6GF 8/38
(2013.01); GO6F 8/60 (2013.01); GO6IL’ 8/75
(71) Applicant: Wolfram Research, Inc., Champaign, (2013.01); GOOF 1772247 (2013.01); HO4L
IL (US) 67710 (2013.01); GO6F 17/25 (2013.01)
(58) Field of Classification Search
None
72) 1 tors: Stephen Wolf C d, MA (US);
(72)  Inventors Joeell) Islll - OU:baalllll; I?n((ﬁg)j- Tan (US); See application file for complete search history.
Poeschko, Chicago, IL (US) (56) References Cited
(73) Assignee: Wolfram Research, Inc., Champaign, US. PATENT DOCUMENTS
IL (US)
6,314,415 B1  11/2001 Mukherjee
(*) Notice:  Subject to any disclaimer, the term of this 6,342,907 Bl 172002 Petty et al.
patent is extended or adjusted under 35 (Continued)
U.S.C. 1534(b) by 147 days.
OTHER PUBLICATIONS
(21) Appl. No.: 15/483,121
Walkenbach, John, “Excel 2013 Power Programming with VBA,”
(22) Filed: Apr. 10, 2017 John Wiley & Sons, 10 pages (2013).
(Continued)
(65) Prior Publication Data
Primary Examiner — Philip Wang
US 201770212737 Al Jul. 27, 2017 (74) Attorney, Agent, or Firm — Drinker Biddle & Reath
LLP
Related U.S. Application Data (57) ABSTRACT
(63) Continuation of application No. 14/549,541, filed on Programmer input in a programming language is received,
Nov. 20, 2014, now Pat. No. 9,619,217. the programmer mput including 1) first specification data
(Continued) specitying one or more parameters to be passed to an
application programming interface (API), and 11) second
(51) Int. CL specification data that specifies a tunction to be performed
GO6F 8/30 (2018.01) by the API. The programmer nput 1s evaluated to generate
GO6F 17/24 (2006.01) an API object that 1s configured, when executed, to perform
GO6F 8/60 (2018 O:L) the specified function using the one or more parameters.
041 29/08 (2006.0:h) Evaluating the programmer input includes evaluating the
COGF 8/38 (2018. O:h) first specification data to generate the API object such that
COGE 875 (2018.0:h) the API object 1s configured to receive the one or more
L ters.
GO6F 3/0482 (2013.01) pErdiietets
(Continued) 21 Claims, 33 Drawing Sheets
. 2400
2420 .
2404 2408 2412

A

v v

In[1]:= func = APiFunction{{"x”"->"Integer”}, Factorinteger{#x] &]



US 10,430,511 B2

Page 2

Related U.S. Application Data 2015/0295781 Al* 10/2015 Maes ... GO6F 9/5072

715/735

(60) Provisional application No. 61/906,888, filed on Nov. 2016/0026438 A1* 172016 Woliram ................. GOE’;F | ’}’?1/88
20, 2013. 2017/0220542 Al 8/2017 Wolfram et al.
2017/0242835 Al 8/2017 Wolfram et al.
(51) Int. CL 2017/0242864 Al 8/2017 Wolfram et al.
GO6EF 17722 (2006_()]) 2017/0244789 Al 8/2017 Wolfram et al.
GOGF 17/28 (2006.01) 2018/0004721 Al 1/2018 Wolfram et al.
(56) References Cited OTHER PUBLICATIONS

U.S. PATENT DOCUMENTS

0,889,260 Bl 5/2005 Hughes

7,010,796 B1* 3/2006 Strom ...........cc..o.. GOOF 9/547
719/310

8,261,295 B1* 9/2012 Risbood .............. GO6F 9/44505
719/328

8,589,869 B2 11/2013 Wolfram
8,645,490 B2 2/2014 Christensen
9,069,814 B2 6/2015 Wolfram et al.
2002/0083072 Al 6/2002 Steuvart
2004/0233236 Al1* 11/2004 Yang ............ccovvnnn... GO6F 9/451

715/763

6/2006 Calderwood ........... GO6F 9/547
9/2008 Hughes

2006/0116991 Al*
2008/0222192 Al

2012/0306898 Al* 12/2012 Scheidhauver ............. GOO6F 3/14
345/522

2013/0125094 Al 5/2013 Wollram et al.

2014/0164315 Al* 6/2014 Golshan ................ HO4L 65/403
707/608

2014/0280323 Al* 9/2014 Seales ................. GO6F 16/2471
707/770

2015/0142858 Al 5/2015 Bryan et al.

2015/0154012 Al* 6/2015 Wolfram ................... GO6F 8/60
717/176

2015/0169679 Al 6/2015 Wolfram et al.

2015/0186193 AlLl* 7/2015 Jain .......ooeevvvvninnnnn GOOF 9/541
719/328

analysistabs.com, “Calculator Using Excel VBA UserForm,” avail-

able at https://analysistabs.com/vba-code/excel-projects/calculator-

userform, accessed Jan. 2, 2018, 16 pages (Dec. 24, 2015).

Familiar, “Microservices, IoT, and Azure: Leveraging DevOps and
Microservice Architecture to Delivery SaaS Solutions,” Apress, 4

pages (2015).

“MaskedTextBox.ValidatingType Property,” Microsoft Developer
Network, Jun. 21, 2014 (3 pages); available at https://msdn.microsoft.
com/en-us/library/system.windows.forms.maskedtextbox.
validatingtype(v=vs.110)aspx (last accessed Jun. 28, 2018).
“Parse,” Wikipedia entry (2 pages); retrieved from https://en.
wikipedia.org/ wiki/Parse (company) on May 5, 2017.

Williams, “Appcelerator Acquires Singly, a Developer Platform for
Integrating Third-Party Services,” techcrunch.com, posted Aug. 22,
2013 (2 pages), retrieved from https://techcrunch.com/2013/08/22/
appcelerator-acquires-singly-a-developer-platform-for-integrating-
third-party-services/ on May 5, 2017.

Barnett, “Wolfram Alpha creator plans to delete the PDE” The
lelegraph, Jun. 7, 2011, retrieved from http://www.telegraph.co.uk/
technology/news/8561619/Wolfram-Alpha-creator-plans-to-delete-
the-PDF html on Jan. 20, 2016.

“Providing a URI for a remote file,” dated Sep. 22, 2009, retrieved
from http://web.archive.org/web/20120922 194818/http://www.javals.
com/ Tutorial/Java/0180File/ProvidingaURIforaremotefile.htm on Feb.
22, 2016.

* cited by examiner



U.S. Patent Oct. 1, 2019 Sheet 1 of 33 US 10,430,511 B2

FiG. 1

, Cloud-based
/ Development

Server 152

Processor
154

1 input
102

Natwork
| interface
174—3 170

Cloud Objects

Network 150

Computer 102 { i Computational
'  Application 140

Processor |, .4 | Memory |
104 B B ' ~ Cloud-based
5 | ~ Development
Front End
144

- Interface
| 10




o w w w  w w ar aw de de de e de e de de e de e de e e de e de e de e de e e de e de de de de e de e de e de dr de de e de de de dr e dr e de de de dr e dr e de e de dr de de e de de de de e dr e de de de dr e dr e de e de dr de de e de de de de e dr e de de de dr e dr e de e de dr de de e de de de de e dr e de de de dr e dr e de e de dr de de e de de de de e dr e dr de de dr e dr e de e de dr de de e de de de de de dr e de de de dr de dr e de e de dr de de e de de de e de dr om .
S S e e e e e e O O T O S O S e e

4
1
4
4
4
L]
.
L]

US 10,430,511 B2

-
L
L] L]
" .
' -
< .
- . . .
- . a
.' . « ok
oo AL,
* a . Fu a e
. . e
[~ - .. o oe s
. - . . L oh
ol e
L 6 *oTwmge, a e
. .' . ..I. « o moa
t. H X . N
a . or. .
7 - . .-.r A
“ w ”.._ L H . .
. - ¥ ..
"
* “ d . .
. T T T s
[ I L] a F F r F r F r F r F a
- . . AT T T T T T
. .-. St R \ EE
. - . . At T T et
. T M l ' T R ' ” ..”. ' .”
- . - AT T T T T T T T T T P
ﬁ. L i > . TR AP PRV I
- . . PR Aot
Z . .-. St \ IR I IR
- . . T P
a . - N AT A
f. - . . AT T T T T T T T T T . P
. - M al ' R ' LT PO . P
S. " . T T T T T e .h..-...._..q.......__l..__.-..q.r.r PR P . LR
. . . - [ al I VRS » '
+ - . - ' ' P ' ' . e A . P
t Y N e T e L LI
w . .o Al ' T ' LT * l.l._...-......-..._..l LR
C. . . . T T T T T ..._..l.—_-_- St
" . e . N . . o LI
] " . T T T T T e at LR
. e " M Al ' P ' L .M St
A P " Y At T T .._-. ..”. -
. . I}l Ij. "™ .o Al ' T ' LT ‘e o
.' i a .l.. e .- L -.l r- -.I- . l-
b .- . TR AP PRV Iy I
. ”.._ . - R T T T T T S R S S ..” .rn_ ..”. ' .”
- . a - ' ' P ' ' 3 P
O. . A R R AP PRV P I I
+ . ] M l ' ' ' . ' ' ” .__..-..__ ..”. ' .”
. _'_'ll_-l Y A T T T T T T T T, * P
e N R AR 2 e
. . . ST T T T T T e A N
a - ' ' P ' ' .a P
3 2 { m Ca T I - RN
. . - '
. . " - ' ' T ' ' . . ¥ s .
.A Y AT T T T T . 1F LTt St
. oy . L . . RIS . . » 1I_ __.l. ..._. N
. AT T T T T T o .-.—_ Aot
f - . M Al ' P ' L ll.-_l. N - St
] " Y At T T .-_l.-.l.l ._l.. l-..!.- . et
ﬁ ‘ . . . - L M r - . '
0 . = L y Tt ' I ' e . .-..-.l..-..-.l.-.ll. o .i.__..._..._ . l-...__ AR
. i - . . AT T T T T T T T T T o N W) o S T Y . . Al . P
D ”u - T IR ! e ! . w ., T T T T e R R k- - - . . .. . i T L
. . . - ) i S O U s . '
. [ . . PR T T T T T T P L e o e N ] ™ s .
L "™ M Al ' LT L . . .....-..-..-......-..-..-..-..-.l..-. » . A l-l-l-l-l-...ill.ll.... PP
- B . Ea ) Pniy . '
} - .o IR L L N EY L] ......................._...4.4.....4.4._.......4 ._..__.. . L
2 . . . - . N I R B R R R A . .m-.t........._....................-..-..-......-..-..-. (PO N
e . - . e e . .-.- .“-_....._.................._.........__.....-..-..-.....-. " 1 WL
t . O - r " I R R R R SR K .....-..........l..........-...........-...........-...-..-.l. o R
. . F . . ST T T T T T e - .-”.._..._..._..._. o L N
h r > Ok a - ' ' ' ' ' ' ] . ar ar P
t G L - . T ”- . ..”. et
. . - '
[ ” - ' ' . ' ' . ra s,
D = &5 O :
. . ™ " - ' ' PR Tl ' - . s m
P Nl ”.._ . .o ”lu. T -..__.”l_”. ' .”. ..” “.- ..”. ' .”
. . Ll a0 T R it} B o i dp dp o de dr e [ r s m
.r L l ' ' ”.__.”l_ e ” Iil”#“#”k”t”k”.r”t”k " I" ..”. ' .”
U L P M Wk i b ke kL kR P
. . a u Sttt LA R .-_.-......-..-.......r.r.r.._.._.r.__.._.__.._.._.r JLITRE
; } . - et ”.__u..... et ..” e ..”. ' .”
.. - ' ' L ' P
n L L .”.__L._”. et A
t M N Y N PR
FgFgiigy . e LRI LI
C ) SR e e
. " = T I ' s,
Y . e R e e LI
O S . - N T A
. . - P M P
" . e . LRI LI
b . " . AT T -..__.rl_.. el . LR
.f o . RN .-..__l.-... SR —_ L
.o . ] “l . Y ”iu. oo ”l.”i”. o ..” il.._.l' ..”. ' -”
[ b > - Lttt .-..__.r.-... . W
. ! . . . . - P M P
" . e LRI LI
. 2 ”.._ . .o ”lu. T ”.._.”.-_” T ..” ..”. ' .”
. . . - . - P L ' P
t " . e e LI
L "™ M Al T .-..._ll_. ' LT LR
9 a } ”.._ . .o ”h”. T ”.._.r.-_. T ..” ..”. ' .”
. L - . .o - ' ' e o ' ' PR
[remr——— C . - AT T ”.__..u..__.. et =”. Vel
_1 u l__.l'_l.l. : * .._ R L . LN
. - . .. a0 T - e . s m
."}_tla g T a n B B .”.._.r.... B ' ” .l-1. ¥ . ..”. ' .”
p " n » . . ok m -..__l.-.. R . - - - L
. . ™ " - o P ' s m
- . - . .o AT T -..__.r.-... T L
n el "™ M Al T .-..__l.-_.. T PP
2 - : e e el
ﬂ. p e [ " LT e O IR N
.. S e N
" - o P ' s m
’_. a . Y ﬁ 4 ..l AT T T T ”l.? ] ..”. [ -“
" LT T o ' N
« - o L] ) ERNN T B ]
yo— N o O A - B
. . P . ' P
{ —_ - _“ M At e f et
. 3 . ”lu. T ”.__ ' ..”. ' .”
{ t a - P Tl ' P
t n u . EPRPL NI f P
— 2 | i [ .”l . ..”. [ -”
c = ’ : R AT e ' pgr
} . .o - o e ' PR
0 b . e 5 . ”lu. VT ”.__ ' ..”. ' .”
. . . . . - P Tl ' P
iplyliyliy 2 W sy i - W N . L
3. re e =
. f & P - ' s om
. . -, Y Al T .”.._ f ..”. f -”
« - o L] ) ERNN T B ]
e " .o Al ' ..._-..._. ' PP
h o TR . LI
M ] b L e . A
. L AT T T ' P
d . e TR T I
- . . « .l.. [ I B | -.- LI T T I | -.r- ) l-
d "~ - - e R
N - [ ] - o LI I T | ERNN T B ]
-8 1 : SIS SRR
d . - AT T T T T T T T T P
u { O ? » At ' P ' ' et
. - I T R LT
iminial . a T’ :
j . [ ]
Sttty e, .
. ? -
N :
: .I . 4
}
H - i
N L m
R i '
e O 3 - 2
..

U.S. Patent
FiIG. 2A



U.S. Patent Oct. 1, 2019 Sheet 3 of 33 US 10,430,511 B2

FIG. 3
In[1}:=CloudPut{47!, "myfile”]

Out[1]: CloudObiject{https://www.wolframcloud.com/objects/user-
b0c28e9f-876d-4478-3d8b-937d18a%ea81/myfile

In[2]:=CloudGet[“myfile’]

Out[2]: 258 623 241 511 168 180 642 964 355 153 611 979 969 197
632 389 120 000 000 000

FIG. 4

400
404

Receive programmer input including i}
an instruction corresponding to making

electronic objects available on a
network, and ii} a parameter indicating
an electronic object

408
Evaluate programmer input to cause the
electronic object to be stored on a
server and made accessible via a
network coupled to the server
412

Receive handle to the electronic object

to enable accessing the electronic object
via the network
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FIG. 5
500
504

Receive programmer input including i}
an instruction corresponding to storing

electronic objects to network-accessible
storage, and ii) a parameter indicating
an electronic object

508
Evaluate programmer input to cause the

electronic object to be stored in the
network-accessible storage

Receive handle to the electronic object

FIG. 6

Receive programmer input including i} |
_ an instruction corresponding to ﬁ
| retrieving electronic objects to network- |
| accessible storage, and ii) a parameter |
' indicating an electronic object

- 608

|Evaluate programmer input to cause the|
electronic object to be retrieved from |
the network-accessible storage

Receive the electronic object or an
evaluation of the electronic object
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FIG. 9
900

904

Programmer input in a programming
language is received at one or more
computers, the programmer input
including i) specification data

corresponding to an electronic form to
be generated, and ii) a parameter that
indicates a function to be applied to
user input

908

Programmer input is evaluated at one or
more computers to generate an
electronic form object that includes one
or more user-interface mechanisms for
receiving the user input

912

Store electronic form object in a

memory
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FIG. 10A

10006

Fro

form = FormFunction[{“first”->"String”, “second” -> “Number”}, f}
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FIG. 11A

- 1100

form = FormFunction{{{“first”, “String”} ->"String”, {"second”, “Number”} -> “Number”’}, {]

1004 » 1012
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FIG. 11B
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FIG. 12A
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FIG. 13A

- 1300
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FIG. 14A

1400

form = FormFunction{{“x"->"Color”}, func]

FIG. 14B
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FIG. 15A

1500

form = FormFunction{{"x”->"image”}, func]

FIG. 15B

1550
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FIG. 16A

1600

i, 1

form = FormFunction{{"x"->"Boolean”}, func]

FIG. 16B
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FIG. 17A

- 1700

41712 - 1708

form = FormFunction[{"Product”-> {“Flyers”, “Business Cards”, “Leaflets”}, func,
AppearanceRules -> <|”SubmitLabel” -> “Buy now!” | >]

,

1716

FiG. 17B

1750

Product {Flyers

Business Cards
Leaflets

s
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FIG. 18A

1300

form = FormFunction{{“Age”->"Number”}, func, FormTheme -> Red]

FIG. 18B

13820

form = FormFunction[{"Age”->"Number”}, func, FormTheme -> White]

FIG. 18C

13850

form = FormFunction{{“Age”->"Number”}, func, FormTheme -> Blue]
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FIG. 19A
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form = FormFunction{{"Website” -> <|"interpreter” -> “SemanticURL" | >},
Composition[HTTPRedirect, First], AppearanceRules -> <|"Title"” -> “WebGo!”,
. /v “Description” -> “Write the name of any website, and we will take you there!”
1916 «gybmitLabel” -> “Gol” | >]

1920
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FIG. 37
)~ 3700

3704

Programmer input in a programming
language is received, the programmer
input including i) first specification data

specifying one or more parameters to
be passed to an API, and ii)second
specification data that specifies a
function to be performed

3708

Programmer input is evaluated at one or
more computers to generate an API
object configured to receive the
parameter(s)

3712

Store APl object in a memory
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METHODS AND SYSTEMS FOR
GENERATING APPLICATION
PROGRAMMING INTERFACES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/549,541, filed Nov. 20, 2014, entitled
“Methods and Systems for Cloud Computing,” which claims
the benefit of U.S. Provisional Application No. 61/906,888,
filed Nov. 20, 2013, enfitled “Cloud Computing Platform.”
All of the applications referenced above are hereby incor-
porated by reference herein in their entireties.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to cloud comput-
ing, and more particularly, systems that enable development
and use of application programming interfaces (APIs).

BACKGROUND

The present availability of high-capacity networks, com-
puting power, and storage, as well as the widespread adop-
tion of hardware virtualization, service-oriented architec-
ture, and autonomic and utility computing have led to a
growth 1n cloud computing.

In cloud computing, multiple remote servers (usually a
large number) are networked to allow centralized data
storage and online access to computer services or resources.
Cloud resources are typically shared by multiple users and
also dynamically reallocated based on demand.

Platform as a Service (PaaS) 1s a category of cloud
computing services i which a computing platform and a
solution stack are provided as a service. In PaaS, a provider
provides a user with tools and/or libraries for creating an
application or service to be hosted on the provider’s plat-
form, 1.e., servers, storage, and other services that are
required to host users’ applications. Since PaaS systems
typically support only a limited number of programming
languages and frameworks, however, adopting a PaaS sys-
tem may require utilizing an unfamiliar language and/or
programming framework. PaaS systems often are also
inflexible.

Many software programs prompt a user to enter informa-
tion via a computer. The user interfaces utilized to elicit user
information are often referred to as forms. Writing soiftware
to generate such forms 1s typically time consuming.

Some electronic forms are designed as web pages so that
a user can access and enter data into a form using a web
browser. Web documents may contain content, markup
language (e.g., Hypertext Markup Language (HTML),
Extensible Hypertext Markup Language (XHTML), Exten-
sible Markup Language (XML), etc.) elements, stylesheets
(e.g., Cascading Style Sheets (CSS)), scripts (e.g.,
JAVASCRIPT®, etc.). Designing web documents using
HTML, XHTML, etc., can be time consuming.

WYSIWYG (what you see 1s what you get) website
builders are tools that provide a visual interface for website
design; that 1s, the user of a WYSIWYG website builder 1s
not required to learn code. Such website builders have a
gentle learning curve and allow novices to build a website
and get it running live on the Internet relatively quickly,
although designing web documents using a WYSIWYG
builder 1s still time consuming. Additionally, website build-
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ers are inflexible and have limitations with respect to cre-
ating web pages that differ from a fixed set of templates.
On the other hand, web editors are tools to facilitate
manual construction of websites, and are highly flexible as
compared to website builders. As with other web design
tools, designing web documents using a web editor 1s time
consuming. Additionally, web editors typically require users
to have significant knowledge of web page coding and

languages (e.g., HIML, XML, CSS, JAVASCRIPT®, etc.).

SUMMARY OF THE DISCLOSURE

In one embodiment, a method for generating an applica-
tion programming interface (API) includes: receiving, at one
Or more computers, programmer 1nput 1n a programming
language, the programmer input including 1) first specifica-
tion data specitying one or more parameters to be passed to
an API, and 11) second specification data that specifies a
function to be performed by the API; evaluating, at one or
more computers, the programmer input to generate an API
object that 1s configured to, when executed, to perform the
specified function using the one or more parameters,
wherein evaluating the programmer mput includes evaluat-
ing the first specification data to generate the API object such
that the API object 1s configured to receive the one or more
parameters; and storing the API object 1n a memory of or
communicatively coupled to the one or more computers.

In another embodiment, a system comprises: one or more
processors; and one or more memory devices coupled to the
one or more processors. The one or more memory devices
store machine readable 1nstructions that, when executed by
the one or more processors, cause the one or more proces-
sors to: recelve programmer mput 1n a programming lan-
guage, the programmer input including 1) first specification
data specilying one or more parameters to be passed to an
API, and 11) second specification data that specifies a func-
tion to be performed by the API; evaluate the programmer
input to generate an API object that 1s configured to, when
executed, to perform the specified function using the one or
more parameters, wherein evaluating the programmer input
includes evaluating the first specification data to generate the
API object such that the API object 1s configured to receive
the one or more parameters; and store the API object in a
memory.

In yet another embodiment, a tangible, non-transitory

computer readable medium, or media, stores instruction
thereon that, when executed by one or more computer
processors, cause the one or more computer processors to:
receive programmer input in a programming language, the
programmer mput including 1) first specification data speci-
fying one or more parameters to be passed to an application
programming interface (API), and 11) second specification
data that specifies a function to be performed by the API;
evaluate the programmer input to generate an API object that
1s configured to, when executed, to perform the specified
function using the one or more parameters, wherein evalu-
ating the programmer mnput includes evaluating the first
specification data to generate the API object such that the
API object 1s configured to receive the one or more param-
cters; and store the API object 1n a memory.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of an example system for cloud-based
development system, according to an embodiment.
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FIG. 2A 1s an example of programmer mput utilized to
deploy a user-manipulatable 3-dimensional (3D) plot to a
network-accessible storage, according to an embodiment.

FIG. 2B illustrates an example web page that a user can
access alter evaluation of the programmer input of FIG. 2A,
according to an embodiment.

FIG. 3 1s an example of programmer input utilized to store
and retrieve an object to/from network-accessible storage,
according to an embodiment.

FIG. 4 1s a flow diagram of an example method for
deploying an object to network-accessible storage, accord-
ing to an embodiment.

FIG. 5 1s a flow diagram of an example method for storing,
an object to network-accessible storage, according to an
embodiment.

FIG. 6 1s a flow diagram of an example method for
retrieving an object from network-accessible storage,
according to an embodiment.

FIG. 7 1s a diagram of an example system for generating
clectronic forms, according to an embodiment.

FIG. 8 1s a diagram of another example system for
generating electronic forms, according to another embodi-
ment.

FIG. 9 1s a flow diagram of an example method for
generating electronic forms, according to an embodiment.

FIG. 10A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 10B 1s an 1llustration of an electronic form generated
in response to the programming mput of FIG. 10A, accord-
ing to an embodiment.

FIG. 11A 1s an example of programming nput that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 11B 1s an 1llustration of an electronic form generated
in response to the programming input of FIG. 11 A, accord-
ing to an embodiment.

FIG. 12A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 12B 1s an 1llustration of an electronic form generated
in response to the programming mput of FIG. 12A, accord-
ing to an embodiment.

FIG. 13A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 13B 1s an illustration of an electronic form generated
in response to the programming input of FIG. 13 A, accord-
ing to an embodiment.

FIG. 14A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FI1G. 14B 1s an illustration of an electronic form generated
in response to the programming mput of FIG. 14A, accord-
ing to an embodiment.

FIG. 15A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 15B 1s an illustration of an electronic form generated
in response to the programming mput of FIG. 15A, accord-
ing to an embodiment.

FIG. 16 A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FI1G. 16B 1s an illustration of an electronic form generated
in response to the programming input of FIG. 16 A, accord-
ing to an embodiment.
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FIG. 17A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 17B 1s an illustration of an electronic form generated
in response to the programming mput of FIG. 17A, accord-
ing to an embodiment.

FIGS. 18A-C are examples of programming iput that
may be utilized to generate electronic forms, according to
some embodiments.

FIG. 19A 15 an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 19B 1s an illustration of an electronic form generated
in response to the programming iput of FIG. 19A, accord-
ing to an embodiment.

FIG. 20A 1s an example of programming input that may
be utilized to generate an electronic form, according to an
embodiment.

FIG. 20B 1s an illustration of an electronic form generated
in response to the programming mput of FIG. 20A, accord-
ing to an embodiment.

FIG. 20C 1s an illustration of output generated in response
to user mput received via the electronic form of FIG. 20B,
according to an embodiment.

FIG. 21 1s a diagram of an example system for generating,
application programming interfaces (APIs), according to an
embodiment.

FIG. 22 1s a diagram of another example system for
generating APIs, according to another embodiment.

FIG. 23 1s a flow diagram of an example method for
generating APIs, according to another embodiment.

FIG. 24A 1s an 1illustration of a notebook including
example programmer 1nput for generating an API, according
to an embodiment.

FIG. 24B 1s an 1illustration of a notebook including
example programmer 1mput for imvoking an API, according
to an embodiment.

FIG. 25A 1s an 1illustration of a notebook including
example programmer input for generating an API and
deploying the API to network-accessible storage, according
to an embodiment.

FIG. 25B 1s an 1illustration of a web page generated by
invoking an API, according to an embodiment.

FIG. 26 1s a diagram of an example system for interacting
with a device that includes sensors and/or actuators for
interacting with the real world, according to an embodiment.

FIG. 27 1s an illustration of an example graphical user
interface for interacting with a device, according to an
embodiment.

FIG. 28 15 an 1llustration of a notebook of a computational
application 1including example programmer mput for inter-
acting with a remote device, according to an embodiment.

FIG. 29 1s an illustration of a notebook of the computa-
tional application icluding example programmer input for
interacting with a remote device, according to an embodi-
ment.

FIG. 30 1s an 1illustration of a notebook of the computa-
tional application including example programmer input for
interacting with a remote device, according to an embodi-
ment.

FIG. 31 1s an 1llustration of a notebook of the computa-
tional application mncluding example programmer input for
interacting with a remote device, according to an embodi-
ment.

FIG. 32A 1s an 1illustration of a notebook including
example programmer mput in a first programming language
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for generating code 1n a second programming language for
accessing an API deployed to network-accessible storage,

according to an embodiment.

FIG. 32B i1s an illustration of a web page that includes the
code for accessing an API deployed to network-accessible
storage, according to an embodiment.

FIG. 33 1s an 1llustration of a notebook including example
programmer input i a first programming language for
generating code 1n a second programming language for
accessing an API deployed to network-accessible storage,
according to an embodiment.

FI1G. 34 1s an illustration of a notebook including example
programmer input 1 a first programming language for
generating code 1 a second programming language for
accessing an API deployed to network-accessible storage,
according to an embodiment.

FI1G. 35 1s an illustration of a notebook including example
programmer input i a first programming language for
generating code 1 a second programming language for
accessing an API deployed to network-accessible storage,
according to an embodiment.

FIG. 36 1s an 1llustration of a notebook including example
programmer input i a first programming language for
generating code 1 a second programming language for
accessing an API deployed to network-accessible storage,
according to an embodiment.

FI1G. 37 1s a flow diagram of an example method for using
programmer input 1n a first programming language to gen-
erate code 1n a second programming language for accessing

an object deployed to network-accessible storage, according
to an embodiment.

DETAILED DESCRIPTION

FIG. 1 1s a diagram of an example system 100 for creating,
cloud objects, deploying objects to a cloud server system,
and/or utilizing cloud services provided by the cloud server
system, according to an embodiment. Examples of cloud
objects include data, programs, functions, forms, application
programming interfaces (APlIs), etc., according to various
embodiments. The cloud server system may make cloud
objects privately and/or publicly available via a network
such as an intranet, an extranet, the Internet, etc.

In various embodiments, the system 100 cloud-based
computing architecture facilitates integration between and
among desktop applications, mobile applications, web-
based applications, hobbyist applications, etc. For example,
in various embodiments, the system 100 supports one of or
any suitable combination of two or more of programming
infrastructure (e.g., various soiftware development activi-
ties); data analytics infrastructure (e.g., analysis of big data);
remote processing infrastructure (e.g., including cloud stor-
age and execution of user-defined functions and computer
code); programming language translation/generation infra-
structure (e.g., providing translation between programming
languages and/or automated generation of computer code);
application programming interface (API) infrastructure
(e.g., operable to automatically generate, implement, and/or
document APIs according to use specifications; and other
infrastructure as described below. The infrastructure may be
software or hardware based infrastructure, or a combination
ol both software and hardware infrastructure.

In an embodiment, the system 100 includes one or more
computers, such as a computer 102. The computer 102
includes one or more processors 104 and one or more
memory devices 108. The computer 102 also includes, or 1s
coupled to, one or more 1nput devices 112. Additionally, the
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computer 102 includes, or 1s coupled to, one or more display
devices 116. In some embodiments, the computer 102
includes one or more network interface devices 120. The one
or more processors 104, the one or more memory devices
108, the one or more mput devices 112 (sometime referred
to herein as “the mput device 112" for brevity), the one or
more display devices 116 (sometime referred to herein as
“the display device 116~ for brevity), the one or more
network interface devices 120 (sometime referred to herein
as “the network interface device 120" for brevity), etc., may
be communicatively coupled via one or more busses 124
(sometime referred to herein as “the bus 124” for brevity).
In other embodiments, the computer 102 may have other
suitable structures and/or components.

The one or more processors 104 (sometime referred to
herein as “the processor 104” for brevity) may comprise one
or more general purpose processors (e.g., a central process-
ing unit), one or more special purpose processors (e.g., a
CO-processor, a graphics processor, etc.). At least one of the
one or more processors 104 executes machine readable
instructions stored in the memory 108. The one or more
memory devices 108 (sometime referred to herein as “the
memory 108 for brevity) include one or more of random
access memory (RAM), read only memory (ROM), a
FLASH memory, a magnetic disk drive, an optical disk
drive, etc.

The one more mput devices 112 include one or more
suitable mmput devices such as a keyboard, a key pad, a
mouse, a trackball, one or more buttons, a touch screen that
overlays a display device, etc. The one or more network
interface devices 120 comprise one or more suitable network
interface devices (NICs) such as a wired network NIC, a
wireless network NIC, etc.

In some embodiments, the memory 108 may store a
computational application 140 such as the MATH-
EMATICA® computational application from Woliram
Research, Inc., a spreadsheet application, etc., where the
computational application 140 1s configured to create cloud
objects, deploy objects to a cloud server system, and/or
utilize cloud services provided by the cloud server system.
For example, in an embodiment, the computational appli-
cation 140 may include a cloud-based development front
end 144 that enables creation of cloud objects, deployment
ol objects to the cloud server system, and/or utilization of
cloud services provided by the cloud server system, accord-
ing to various embodiments. In some embodiments, the
computational application 140 1s configured to provide an
clectronic user interface such as a workspace (e.g., a note-
book, a spreadsheet, a document, etc.) 1n which a user can
enter software code and/or functions to be evaluated, cause
the functions to be evaluated, and/or view results of the
evaluations.

In some embodiments, however, the computational appli-
cation 140 1s omitted and the cloud-based development front
end 144 1s a standalone application and/or module. In some
embodiments, the cloud-based development front end 144 1s
incorporated into another suitable application different than
the computational application 140.

In various embodiments, the computer 102 comprises a
desktop computer, a workstation, a laptop computer, a tablet
computer, a smart phone, a personal digital assistant, a
gaming system, a server, efc.

In some embodiments, the computer 102 (and/or other
computers (not shown) are coupled to a network 150. The
network 150 may comprise one or more of a local area
network (LAN), a wide area network (WAN), a metropolitan
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area network (MAN), a mobile communications network, an
intranet, an extranet, the Internet, etc.

In some embodiments, the system 100 may include one or
more servers such as the server 152. FIG. 1 illustrates a
single server 152 for brevity, but the system 100 includes
multiple other similarly configured servers in some embodi-
ments. In some embodiments, multiple servers (including
the server 152) are networked together to provide online
access to data storage and computer services or resources via
the network 150. One server 152 will be discussed 1n detail
with respect to FIG. 1, and other servers (if included) have
the same or a similar suitable structure, in some embodi-
ments.

The server 152 mcludes one or more processors 154 and
one or more memory devices 158. The server 152 also may
include, or be coupled to, one or more mput devices 162.
The server 152 includes one or more network interface
devices 170. The one or more processors 154, the one or
more memory devices 158, the one or more mput devices
162 (sometime referred to herein as “the input device 1627
for brevity), the one or more network interface devices 170
(sometime referred to herein as “the network interface
device 170”7 for brevity), etc., may be communicatively
coupled via one or more busses 174 (sometime referred to
herein as “the bus 174” for brevity). In other embodiments,
the server 152 may have other suitable structures and/or
components.

The one or more processors 154 (sometime referred to
herein as “the processor 154” for brevity) may comprise one
or more general purpose processors (e.g., a central process-
ing unit), one or more special purpose processors (€.g., a
Co-processor, a graphics processor, etc.). At least one of the
one or more processors 154 executes machine readable
instructions stored in the memory 158. The one or more
memory devices 158 (sometime referred to herein as “the
memory 158 for brevity) include one or more of random
access memory (RAM), read only memory (ROM), a
FLASH memory, a magnetic disk drive, an optical disk
drive, etc.

The one more mput devices 162 include one or more
suitable mput devices such as a keyboard, a key pad, a
mouse, a trackball, one or more buttons, a touch screen that
overlays a display device, etc. The one or more network
interface devices 170 comprise one or more suitable NICs
such as a wired network NIC, a wireless network NIC, etc.
The server 152 1s commumnicatively coupled to the computer
102 and other computers (not shown) via the communication
network 150. The server 152 may be commumcatively
coupled to other cloud servers (not shown) via another
network (not shown) and/or the network 1350, 1n various
embodiments.

Additionally, 1n some embodiments, the server 152 may
be communicatively coupled to a cloud storage database
system 180, which may comprise one or more suitable
databases. The cloud storage database system 180 stores
objects (cloud objects) 184 that are accessible, via the server
152 or another server, to computers (e.g., the computer 102)
via the network 150.

In an embodiment, the memory 158 may store a cloud-
based development system 188. In various embodiments, the
cloud-based development system 188 1s configured to inter-
tace with the cloud-based development front end 144 to
transier objects from the computer 102, to store objects in
the cloud storage database 180, and/or to make objects 192
in the cloud storage database 180 accessible to computers
via the network 150. In some embodiments, the computa-
tional application 140 1s implemented as a kernel running on
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the server 152 and a front end running on the computer 102.
In such embodiments, the cloud-based development system
188 includes the kernel. In some embodiments, the compu-
tational application 140 1s included in the cloud-based
development system 188 and the computer 102 runs a thin
client such as a web browser. In some embodiments, aspects
of the computational application 140 running on the server
152 (e.g., the kernel) are separate from the cloud-based
development system 188.

In some embodiments, a user can utilize the computa-
tional application 140 and/or the cloud-based development
front end 144, running on the computer 102, to create objects
that are to be deployed to the cloud. The cloud-based
development front end 144 may then interface with the
cloud-based development system 188 to transfer the created
objects to the server 152. The server 152 may then store the
objects 1n the cloud storage database 180 and make the
objects available to one or more computers via the network

150, or another network (not shown).

In some embodiments, the server 152 may be communi-
catively coupled to an answering system and/or natural
language processing system such as described i U.S. Pat.
No. 8,589,869 and/or U.S. patent application Ser. No.
13/678,168, filed Nov. 15, 2012, which are hereby incorpo-
rated by reference herein in their entireties. In some embodi-
ments, the cloud-based development system 188 may inter-
face with such systems and utilize natural language
processing capabilities of such systems to process user
input, for example.

In some embodiments, the server 152 utilizes virtualiza-
tion techniques.

In various embodiments, a user can create a document,
notebook, spreadsheet, program, etc., that 1s executed on the
computer 102 (or another computer, now shown) and that 1s
configured to utilize cloud objects 184. For example, 1n
some embodiments, a notebook, spreadsheet, program, etc.,
executed on the computer 102 stores data as a cloud object
184. As another example, in some embodiments, a docu-
ment, notebook, spreadsheet, program, etc., executed on the
computer 102 accesses data stored as a cloud object 184. As
yet another example, in some embodiments, a notebook,
spreadsheet, program, etc., executed on the computer 102
utilizes a cloud object 184 to perform a function and/or
computation, a result of which 1s utilized by the notebook,
spreadsheet, program, etc., which 1s executed on the com-
puter 102.

Thus, 1 various embodiments, the cloud-based develop-
ment system 188 may include various functional modules
such one of or any suitable combination of two or more of
a computational kernel (e.g., a MATHEMATICA® kernel)
for performing pre-defined functions and for executing
computer-readable mstructions based on an associated lan-
guage (e.g., the Wollram Language™); a data analysis
engine configured to classily data in one or more data sets
and/or to perform analysis, sometimes 1n cooperation with
the computational kernel or other functional modules, of
data 1n one or more data sets; a module to generate code 1n
different programming languages; a module to generate
and/or implement APIs; a module to interpret free-form data
and/or convert the free-form data into structured data; a
module to classily data sets; a module to facilitate cloud
execution of various computational functions requested
from external devices (e.g., other computers, servers, and/or
embedded devices) by, for example, receiving and answer-
ing function calls originating 1n software executing on those
external devices; a module to generate and/or update reports
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based on various datasets stored 1n the cloud or passed to the
functional module from an external device; etc.

Cloud Computing

In various embodiments, a programming language
includes built-in functions that facilitate one or more of
deployment of objects to the cloud, access to objects 1n the
cloud, and/or manipulation of objects in the cloud. In
various embodiments, one or more ol the computational
application 140, the cloud-based development front end 144,
and the cloud-based development system module 188 are
configured to evaluate such bwlt-in functions to deploy
objects to the cloud, access objects 1n the cloud, and/or
manipulate objects 1n the cloud.

For example, in an embodiment, a CloudDeploy function
enables a programmer to deploy an expression to the cloud,
where the deployed expression can be software code that can
be executed (e.g., by the server 152), data that can be
accessed and/or manipulated, etc. For example, 1n various
embodiments, one or more of the following syntaxes are
utilized:

CloudDeploy|[expr]

In this example, an expression expr 1s deployed as a cloud
object, and the server 152 assigns a universal resource
identifier (URI) to the cloud object. In some embodiments,

the URI may include a universally unique 1dentifier (UUID),
such as the UUID standardized by the Open Software
Foundation (OSF) as part of the Distributed Computing
Environment (DCE). The URI may be a universal resource
locator (URL), 1n some embodiments. Evaluation of this
function returns a handle to the cloud object. The cloud
object can then be accessed using the handle.

CloudDeploy[expr, “ur”

In this example, an expression expr 1s deployed as a cloud
object at a given URI.

CloudDeploy[expr, CloudObject[“ur1™]]

In this example, an expression expr 1s deployed to a given
cloud object. CloudObject 1s a handle to a cloud object at a
specified URI.

FIG. 2A 1s an example in which a programmer utilizes the
CloudDeploy function to deploy a user-manipulatable 3-di-
mensional (3D) plot to a server such as the server 152 (FIG.
1). In the example of FIG. 2A, the expression to be deployed
includes a built-in function of MATHEMATICA®, Manipu-
late. The Mamipulate function can be utilized to generate
user-manipulatable plots, or other suitable displays. Evalu-
ation of the CloudDeploy function in FIG. 2A returns a
handled corresponding to deployment of the expression.
FIG. 2B illustrates a web page that a user sees when entering
a URI, corresponding to the handle, 1n a web browser. In
particular, the web page includes a user-mampulatable 3D
plot corresponding to an evaluation of the Manipulate func-
tion i FIG. 2A.

In some embodiments, CloudDeploy can be utilized with
one or more suitable options. For example, 1n some embodi-
ments, parameters can be utilized with CloudDeploy to
specily when the deployed object 1s to be evaluated. For
instance, 1n some embodiments, one or more parameters can
be specified to indicate one or more of 1) that a deployed
object 1s to be evaluated when the object 1s accessed on the
web, 11) that the deployed object 1s to be dynamically auto
refreshed on the web, 111) that the deployed object 1s to be
reevaluated on a schedule, etc. As another example, one or
more parameters can be specified to indicate one or more of
1) the object 1s to be private to the user (e.g., the object can
only be accessed by the user), 11) the object 1s to be public
(e.g., the object 1s publicly available on the web), 111) the
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object 1s to be available to specified users, 1v) the object 1s
to be available to one or more classes of users, etc.

In some embodiments, a programming language provides
built-in functions to allow programs to utilize cloud storage
for retrieving input to be processed, storing variables, stor-
ing generated output, etc., for example. For instance, in an
embodiment, a CloudPut function enables a programmer to
write an expression to the cloud, where the expression can
be software code that can be executed (e.g., by the server
152), data that can be accessed and/or manipulated, etc. For
example, 1 various embodiments, one or more of the
following syntaxes are utilized:

CloudPut[expr]

In this example, an expression expr 1s written to a new
cloud object, and the server 152 assigns a universal resource
identifier (URI) to the cloud object. Evaluation of this
function returns a handle to the object. The cloud object can
then be accessed using the handle.

CloudPut[expr, “ur1”]

In this example, an expression expr 1s written to a cloud
object at a given URI.

CloudPut[expr, CloudObject[*“ur1”]]

In this example, an expression expr 1s written to a given
cloud object.

As another example, mm an embodiment, a CloudGet
function enables a programmer to read an object 1n the
cloud, and evaluate expression(s) included in the object,
where a result of a last evaluated expression 1s returned. For
example, 1 various embodiments, one or more of the
following syntaxes are utilized:

CloudGet[“ur1”]

In this example, an object 1n the cloud at a given URI 1s
read, and each expression included 1n the object 1s evaluated.
A result of a last evaluated expression 1s returned.

CloudGet[CloudObject|“ur1]]

In this example, a given cloud object 1s read.

FIG. 3 1s an example in which a programmer utilizes the
CloudPut function to write an expression (€.g., a factorial) to
a server such as the server 152 (FIG. 1). A URI parameter
“myfile” 1s utilized to specily a cloud object to which the

expression 1s to be written. Evaluation of the CloudPut
function 1 FIG. 3 returns a handle to the cloud object to
which the expression was written. A programmer subse-
quently utilizes the CloudGet function to read from the
cloud object specified by the URI “myfile”. In response, an
evaluation of the expression 47! 1s returned.

FIG. 4 1s a flow diagram of an example method 400 for
deploying objects to a cloud environment to enable access-
ing the objects via a network. In some embodiments, the
method 400 may be implemented at one or more computers,
such as the computer 102 and/or the server 152 of FIG. 1.
Merely for explanatory purposes, FIG. 4 1s described 1n the
context of the method 400 implemented by the computer
102. In other embodiments, however, the method 400 may
be implemented jointly at the computer 102 and the server
152, at another suitable computer (not shown in FIG. 1), at
one or more other computers/servers, etc.

In some embodiments, the method 400 may be 1mple-
mented as part ol a soltware program being executed on a
computer, such as the computer 102, the server 152 running
a kernel, etc. In some embodiments, the method 500 may be
implemented by the computational application 140 being
executed on the computer 102, a kernel of the computational
application 140 being executed on the server 152, etc. In
some embodiments, the method 500 may be implemented, at
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least partially, by the cloud-based development front end
144, the cloud-based development system 188, or a combi-
nation of the two.

At block 404, programmer 1nput 1n a programming lan-
guage 1s recerved, the programmer mput including 1) a
function corresponding to making electronic objects acces-
sible on a network, and 11) a parameter indicating an elec-
tronic object. For example, 1n an embodiment, a program-
mer enters the programming input via a user mterface of or
coupled to the computer 102. In some embodiments, the
programmer mput may be entered into a notebook, work-
space, etc., of the computational application 140. In some
embodiments, the function may be a built-in function of the
programming language. In an embodiment, the function 1s
the CloudDeploy function.

In various embodiments, the electronic object indicated
by the parameter may include one or more of data, further
programming input in the programming language or another
programming language, data, a file, a document, an unde-
ployed web page, etc.

In various embodiments, the programmer mput includes
one or more other parameter regarding how the object 1s to
be deployed. For example, in various embodiments, the
programmer 1mput may include a further parameter indicat-
ing how the electronic object 1s to be evaluated by the server,
a further parameter indicating to the server that the object
input 1s to be evaluated by the server each time the electronic
object 1s accessed, a further parameter indicating to the
server that the object 1s to be evaluated by the server
according to a schedule, a further parameter indicating to the
server that the object 1s to be dynamically evaluated by the
server, €lc.

As another example, 1n various embodiments, the pro-
grammer mnput may include a further parameter indicating
permission information for access to the object after deploy-
ment.

As another example, in various embodiments, the pro-
grammer mput may include a further parameter indicating a
location at which the object 1s to be deployed, such a handle
to an already deployed object, a URI, efc.

At block 408, the programmer input 1s evaluated to cause
the electronic object to be stored on a server and made
accessible via a network coupled to the server. For example,
in an embodiment, the programmer input 1s evaluated at the
computer 102 by the computational application 140. As
another example, 1n an embodiment, block 408 includes,
additionally or alternatively, evaluating the programmer
iput at the server 152 by a server-side portion (e.g., a
kernel, etc.) of the computational application 140.

In an embodiment, block 408 includes the computer 102,
in response to evaluating the programmer 1mnput, sending a
message to the server 152 via the network 150, the message
requesting the server 152 to deploy the object in the cloud
storage 180 and to make the object accessible via the
network 150 (or another network coupled to the cloud
storage 180). In various embodiments and/or scenarios, the
message includes the object or an indicator of where the
object may be obtained, such as a pointer to where the object
1s stored 1 a memory (e.g., the memory 108, the cloud
storage 180, etc.), a URI corresponding to the object, etc.

In some embodiments and/or scenarios, the message may
contain one or more further parameters such as a further
parameter indicating how the electronic object 1s to be
evaluated by the server, a further parameter indicating to the
server that the object mput 1s to be evaluated by the server
cach time the electronic object 1s accessed, a further param-
eter indicating to the server that the object 1s to be evaluated
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by the server according to a schedule, a further parameter
indicating to the server that the object 1s to be dynamically
cvaluated by the server, etc. As another example, 1n some
embodiments, the message may contain a further parameter
indicating permission mformation for access to the object
alter deployment.

In an embodiment in which the programmer mput 1s
cvaluated at the server 152, block 408 may include the
server 152 extracting from the programmer 1mput the object
or an indicator of where the object may be obtained, such as
a pointer to where the object 1s stored 1n a memory (e.g., the
memory 108, the cloud storage 180, etc.), a URI correspond-
ing to the object, etc. In an embodiment in which the
programmer input 1s evaluated at the server 152, block 408
may include the server 152 extracting from the programmer
input turther parameters such as described above.

In response to evaluating the programmer mput and/or
receiving the message discussed above, the server 152 may
store the object in the cloud storage 180 and make the object
accessible via the network 150 (or another network), 1n
various embodiments. In an embodiment, the server 152
may determine where in the cloud storage 180 the object 1s
to be deployed. If provided in the message and/or the
programmer mput, the server 152 may utilize a parameter
included in the programmer input that indicates a location at
which the object 1s to be deployed, 1n an embodiment.

If provided 1n the message and/or the programmer mput,
the server 152 may utilize one or more parameters specily-
ing how the object 1s to be deployed such as how often,
when, etc., the object 1s to be evaluated when deployed,
permission information for access to the object, etc., and
may the server 152 may deploy the object according to the
parameters.

At block 412, 1n response to evaluating the programmer
input, a handle to the deployed electronic object 1s received,
the handle to enable accessing the electronic object via the
network. In various embodiments, the handle may comprise
a pointer, a web page address, a Hypertext Transter Protocol
(HT'TP) address, a URI, a universal resource locator (URL),
ctc. In an embodiment, the server 152 may send the handle
to the computer 102 via the network 150. In an embodiment,
the server 152 may include the handle 1n a subsequent
message that 1s responsive to a message sent from the
computer 102 to the server 152 that requested the server 152
to deploy the object 1n the cloud storage 180 and to make the
object accessible via the network 150 (or another network).

In some embodiments, block 412 1s omitted. For example,
in some embodiments, the server may publish the handle,
URI, URL, etc., to a repository (e.g., in the cloud storage 180
or another suitable location) where the handle, URI, URL,
etc., can be retrieved.

FIG. 5 1s a flow diagram of an example method 500 for
storing objects to a cloud environment that enables access-
ing the objects via a network. In some embodiments, the
method 500 may be implemented at one or more computers,
such as the computer 102 and/or the server 152 of FIG. 1.
Merely for explanatory purposes, FIG. 5 1s described 1n the
context of the method 500 implemented by the computer
102. In other embodiments, however, the method 500 may
be implemented jointly at the computer 102 and the server
152, at another suitable computer (not shown 1n FIG. 1), at
one or more other computers/servers, etc.

In some embodiments, the method 500 may be imple-
mented as part of a soltware program being executed on a
computer, such as the computer 102, the server 152 running
a kernel, etc. In some embodiments, the method 500 may be
implemented by the computational application 140 being
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executed on the computer 102, a kernel of the computational
application 140 being executed on the server 152, etc. In
some embodiments, the method 500 may be implemented, at
least partially, by the cloud-based development front end
144, the cloud-based development system 188, or a combi-
nation of the two.

At block 504, programmer 1nput 1n a programming lan-
guage 1s recerved, the programmer mmput including 1) a
function corresponding to storing electronic objects to net-
work-accessible storage, and 1) a parameter indicating an
clectronic object. For example, in an embodiment, a pro-
grammer enters the programming mput via a user interface
of or coupled to the computer 102. In some embodiments,
the programmer mput may be entered into a notebook,
workspace, etc., of the computational application 140. In
some embodiments, the function may be a built-in function
of the programming language. In an embodiment, the func-
tion 1s the CloudPut function.

In various embodiments, the electronic object indicated
by the parameter may include one or more of data, further
programming input in the programming language or another
programming language, data, a file, a document, an unde-
ployed web page, etc.

In various embodiments, the programmer mput imncludes
one or more other parameters regarding storing of the object
in the network-accessible storage. For example, 1n various
embodiments, the programmer mput may include a further
parameter indicating a location at which the object 1s to be
stored, such a handle to an already stored object, a URI, efc.

At block 508, the programmer input 1s evaluated to cause
the electronic object to be stored 1n the network-accessible
storage. For example, in an embodiment, the programmer
input 1s evaluated at the computer 102 by the computational
application 140. As another example, 1n an embodiment,
block 508 includes, additionally or alternatively, evaluating,
the programmer mput at the server 152 by a server-side
portion (e.g., a kernel, etc.) of the computational application
140.

In an embodiment, block 508 includes the computer 102,
in response to evaluating the programmer input, sending a
message to the server 152 via the network 150, the message
requesting the server 152 to store the object 1n the cloud
storage 180. In various embodiments and/or scenarios, the
message includes the object or an indicator of where the
object may be obtained, such as a pointer to where the object
1s stored 1 a memory (e.g., the memory 108, the cloud
storage 180, etc.), a URI corresponding to the object, etc.

In some embodiments and/or scenarios, the message may
contain one or more further parameters regarding storage of
the object in the network-accessible storage, such as a
parameter indicating a location at which the object 1s to be
stored, such a handle to an already stored object, a URI, eftc.

In an embodiment in which the programmer iput 1s
cvaluated at the server 152, block 508 may include the
server 152 extracting from the programmer input the object
or an 1ndicator of where the object may be obtained, such as
a pointer to where the object 1s stored 1n a memory (e.g., the
memory 108, the cloud storage 180, etc.), a URI correspond-
ing to the object, etc. In an embodiment 1n which the
programmer mnput 1s evaluated at the server 152, block 508
may include the server 152 extracting from the programmer
input further parameters such as described above.

In response to evaluating the programmer input and/or
receiving the message discussed above, the server 152 may
store the object 1n the cloud storage 180, 1n an embodiment.
In an embodiment, the server 152 may determine where 1n
the cloud storage 180 the object 1s to be stored. I provided
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in the message and/or the programmer 1nput, the server 152
may utilize a parameter included in the programmer input
that indicates a location at which the object 1s to be stored,
in an embodiment.

At block 512, in response to evaluating the programmer
input, a handle to the stored electronic object 1s received.
The handle may enable accessing the electronic object via
the network, 1n some embodiments. In various embodi-
ments, the handle may comprise a pointer, a web page
address, a Hypertext Transfer Protocol (HTTP) address, a
URI, a universal resource locator (URL), etc. In an embodi-
ment, the server 152 may send the handle to the computer
102 via the network 150. In an embodiment, the server 152
may include the handle in a subsequent message that 1s
responsive to a message sent from the computer 102 to the
server 152 that requested the server 152 to deploy the object
in the cloud storage 180 and to make the object accessible
via the network 150 (or another network).

In some embodiments, block 512 1s omitted. For example,
in some embodiments, the handle, URI, URL, etc., may be
published to a repository (e.g., i the cloud storage 180 or
another suitable location) where the handle, URI, URL, etc.,
can be retrieved.

FIG. 6 1s a flow diagram of an example method 600 for
retrieving objects from a cloud environment that enables
accessing the objects via a network. In some embodiments,
the method 600 may be implemented at one or more
computers, such as the computer 102 and/or the server 152
of FIG. 1. Merely for explanatory purposes, FIG. 6 1is
described 1n the context of the method 600 implemented by
the computer 102. In other embodiments, however, the
method 600 may be implemented jointly at the computer
102 and the server 152, at another suitable computer (not
shown 1n FIG. 1), at one or more other computers/servers,
etc.

In some embodiments, the method 600 may be imple-
mented as part of a soltware program being executed on a
computer, such as the computer 102, the server 152 running
a kernel, etc. In some embodiments, the method 600 may be
implemented by the computational application 140 being
executed on the computer 102, a kernel of the computational
application 140 being executed on the server 152, etc. In
some embodiments, the method 600 may be implemented, at
least partially, by the cloud-based development front end
144, the cloud-based development system 188, or a combi-
nation of the two.

At block 604, programmer mnput 1n a programming lan-
guage 1s received, the programmer mput including 1) a
function corresponding to retrieving electronic objects from
network-accessible storage, and 11) a parameter indicating an
clectronic object. For example, 1n an embodiment, a pro-
grammer enters the programming mput via a user interface
of or coupled to the computer 102. In some embodiments,
the programmer mput may be entered into a notebook,
workspace, etc., of the computational application 140. In
some embodiments, the function may be a built-in function
of the programming language. In an embodiment, the func-
tion 1s the CloudGet function.

In various embodiments, the electronic object imndicated
by the parameter may include one or more of data, further
programming input in the programming language or another
programming language, data, a file, a document, a web page,
etc.

In various embodiments, the programmer input includes
one or more other parameters regarding retrieval of the
object from the network-accessible storage. For example, 1n
various embodiments, the programmer input may include a
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turther parameter indicating a location at which the object 1s
stored, such a handle to the object, a URI, etc.

At block 608, the programmer input 1s evaluated to cause
the electronic object to be retrieved from the network-
accessible storage. For example, in an embodiment, the
programmer mput 1s evaluated at the computer 102 by the
computational application 140. As another example, 1n an
embodiment, block 608 includes, additionally or alterna-
tively, evaluating the programmer nput at the server 152 by
a server-side portion (e.g., a kernel, etc.) of the computa-
tional application 140.

In an embodiment, block 608 includes the computer 102,
in response to evaluating the programmer 1mput, sending a
message to the server 152 via the network 150, the message
requesting the server 152 to retrieve the object from the
cloud storage 180. In some embodiments and/or scenarios,
the message may contain one or more a parameter regarding,
retrieval of the object from the network-accessible storage,
such as a parameter indicating a location at which the object
1s stored, such a handle to an already stored object, a URI,
etc.

In an embodiment 1n which the programmer iput 1s
evaluated at the server 152, block 608 may include the
server 152 extracting from the programmer input a param-
eter indicating from where in the storage 180 the object may
be obtained, such as a pointer to where the object 1s stored
in the cloud storage 180, a URI corresponding to the object,
etc.

In response to evaluating the programmer input and/or
receiving the message discussed above, the server 152 may
retrieve the object from the cloud storage 180, 1n an embodi-
ment. In an embodiment, the server 152 may determine
where 1n the cloud storage 180 the object 1s stored. In some
embodiments, the server 152 may also evaluate the object.
For example, 1f the object comprises an expression and/or
soltware code 1n the language of the computation applica-
tion 140, the server 152 may (e.g., using a kernel of the
computational application 140) evaluate the expression and/
or the software code.

At block 612, 1n response to evaluating the programmer
input, the retrieved object, or an evaluation of the retrieved
object, 1s received, according to various embodiments. In an
embodiment, the server 152 may send the object (or the
evaluation of the object) to the computer 102 via the network
150. In an embodiment, the server 152 may include the
object (or the evaluation of the object) 1n one or more
subsequent messages that are responsive to a message sent
from the computer 102 to the server 152 that requested the
server 152 to retrieve the object from the cloud storage 180.

In some embodiments, messaging such as discussed
above with respect to FIGS. 4-6 1s not utilized.

In some embodiments, cloud objects may be utilized by
the computational application 140 running at the computer
102. In some embodiments, a CloudSave function 1s pro-
vided for saving definitions associated with a symbol to a
cloud object. For imstance, in an embodiment, the Cloud-
Save function enables a programmer to save symbol defi-

nitions to the cloud. For example, 1n various embodiments,
one or more of the following syntaxes are utilized:

CloudSave[symbol]

In this example, definitions associated with the specified
symbol are saved to a new anonymous cloud object, and the
server 152 assigns URI to the cloud object. Evaluation of
this function returns a handle to the object. The cloud object
can then be accessed using the handle.
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CloudSave[“form™]
In this example, definitions associated with symbols

whose name match the string pattern “form” are saved to the
cloud.

CloudSave[*“context™]

In this example, definitions associated with symbols 1n the
specified context are saved to the cloud.

CloudSave[{object,, object,, . . . }]

In this example, definitions associated with several
objects are saved to the cloud.

CloudSave[symspec,“ur1”]

In this example, definitions associated with symspec are
saved to the cloud object at a given URI.

CloudSave[symspec, CloudObject[*“ur1™]]

In this example, definitions associated with symspec are
saved to a specified cloud object.

As an illustrative example, a user may enter “f[x_J:=x"2"
in a notebook to define a function 1 as the square of x. The
user may then save the function to the cloud, e.g., by
entering “obj=CloudSave[1]. If T 1s later modified in the
notebook, the user can restore the function I by entering
CloudGet|[obj]. Then, 1f the user were to enter “1[2]”, the
computational application would return “4”, 1.e., the square
of two.

In some embodiments, a CloudSymbol object may rep-
resent a symbol whose value 1s persistently stored in the
cloud. For instance, in an embodiment, the CloudSymbol
function enables a programmer to persistently save symbols
to the cloud. For example, 1n various embodiments, one or
more of the following syntaxes are utilized:

CloudSymbol[*“name’]

In this example, a named symbol 1s persistently stored in
the cloud.

CloudSymbol[obj]

In this example, a persistent symbol corresponding to the
cloud object “oby™ 1s represented.

As an 1llustrative example, a user may enter “CloudSym-
bol[*x”]=!'10"” 1n a notebook. Upon evaluation, a cloud
symbol “x” with a value set to 110 1s stored 1n the cloud
storage 180. Later, 11 the user utilizes the object CloudSym-
bol[*x”’] 1n the notebook or another notebook, the compu-
tational application 140 will retrieve the value of the object,
e.g., 110, or 3628800.

In some embodiments, a CloudFunction 1s provided for
having functions evaluated 1n the cloud (e.g., by the server
152). For instance, in an embodiment, the CloudFunction
enables a programmer to have specified functions evaluated
in the cloud rather than on the computer 102. For example,
in various embodiments, one or more of the following
syntaxes are utilized:

CloudFunction[func]

In this example, a function “func|args]” 1s evaluated 1n the
cloud. Evaluation of this function returns a result of the
evaluation of func|args].

CloudFunction[CloudObject| . . . ]]

In this example, a function applies the contents of a
specified cloud object.

As an 1llustrative example, a user may enter “CloudFunc-
tion[#1+#2 &][3, 4]” 1n a notebook. Upon evaluation in the
cloud, a result ““7” 1s returned. As another example, a user
may enter “func=CloudPut[FactorInteger[#] &]. Upon
evaluation, a cloud object “func” is returned. Then, 1f the
user entered CloudFunction[func][42]” i the notebook, a
result {{2, 1}, {3, 1}, {7, 1}} is returned.

In some embodiments, a CloudEvaluate function 1s pro-
vided for having expressions evaluated 1n the cloud (e.g., by
the server 152). For instance, 1n an embodiment, the Cloud-
Evaluate function enables a programmer to have specified
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expressions evaluated i the cloud rather than on the com-
puter 102. An example syntax may be:

CloudEvaluate[expr]

In this example, a specified expression 1s evaluated 1n the
cloud. Evaluation of the expression returns a result of the
evaluation.

As an 1llustrative example, a user may enter “CloudEvalu-
ate[$MachinelID]” in a notebook run on the computer 102.
Upon evaluation in the cloud, a unique identifier of a
machine (e.g., server 152) that evaluated the object “Machi-
nelD” 1s returned, which 1s not the unique identifier of the
computer 102.

In some embodiments, web sites and other server-based
applications and/or systems can manipulate data and/or
execute/evaluate functions and methods stored on the cloud
storage 180. For example, software executing on a different
server may call functions stored on the cloud storage 180
(perhaps specilying parameters associated with the func-
tion), the server 152 may evaluate the functions, and the
server 152 may transmit the results back to the different
server. This may allow the diflerent server to offload pro-
cessing to the cloud platform. Additionally, the different
server may use the techmiques, systems, and/or example
functions discussed above to store to and/or retrieve from
the cloud platiorm data, variables, objects, etc. as part of the
server/website functionality.

As one example of the utility of such an arrangement, a
user at a desktop computer may be running software on the
desktop computer that stores resulting data to the cloud (e.g.,
using the CloudPut function, the CloudSave function, etc.).
A Tunction or method executing on the cloud platform may
be manipulating or analyzing the saved result data (e.g.,
classiiying it, formatting 1t, performing additional analysis,
etc.). At the same time, a web server may be providing the
manipulated or analyzed data to a user or to a function (e.g.,
a JAVA function) executing on the web site. The web server
may use the CloudGet function to retrieve the data from the
cloud platform, which will be the most recent data saved to
the cloud platform, according to some embodiments.

Similarly, programs running locally on a desktop com-
puter, mobile device, or the like, can call functions stored
in/on the cloud platform. The cloud platform can execute the
functions and provide results to the calling program, thereby
augmenting the processing power of the desktop computer,
mobile device, etc. with the superior processing power of the
cloud platform (or at least decreasing the processing load on
the desktop computer, mobile device, etc.).

Similarly, data, objects, variables, functions, methods, etc.
stored on the cloud platform can be retrieved and used 1n
local processor tasks on a desktop computer, mobile device,
and the like. The results of the local processor tasks may be
saved locally and/or back to the cloud platform.

Forms Generation

Referring again to FIG. 1, the system 100 may facilitate
cilicient generation of electronic forms for eliciting user
information (and processing that information, in some
embodiments), and deployment of such forms to the web,
according to some embodiments. For example, the cloud-
based development system 188 and/or the cloud-based
development front end 144 may 1nclude a forms generation
module that enables eflicient and flexible generation of
clectronic forms. Embodiments of a forms generation mod-
ule and techmiques for generating forms are discussed below.
In some embodiments, such modules and techniques may be
implemented by the system 100 of FIG. 1. In other embodi-
ments, such modules and techniques may be implemented
by systems diflerent than the system of FIG. 1.
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FIG. 7 1s a diagram of an example system 700 for creating
clectronic forms for eliciting user information, according to
an embodiment. As described in more detail below, the
system 700 enables efficient and flexible generation of
clectronic forms, according to some embodiments.

In an embodiment, the system 700 includes a computer
similarly structured to the computer 102 of FIG. 1. For
purposes of brevity, like-numbered components are not
described in detail.

In an embodiment, the memory 108 may store a forms
generation module 750 that facilitates generation of elec-
tronic forms, as will be described 1n more detail below. In an
embodiment, the forms generation module 750 comprises
soltware instructions that, when executed by the processor
104, causes the processor to evaluate programming input
from a programmer to generate an electronic form object. As
an 1llustrative example, the electronic form object 1s gener-
ated 1) to include Hyperlext Markup Language (HTML)
clements and 11) such that a web browser can generate a web
page form from the electronic form object, according to a
specific embodiment. In other embodiments, the electronic
form object 1s generated to include Extensible Hypertext
Markup Language (XHTML) elements, Extensible Markup
Language (XML) elements, style sheets (e.g., Cascading
Style Sheets (CSS)), scripts (e.g., JAVASCRIPT®, etc.), and
such that a suitable application (e.g., a web browser, a web
browser with an appropriate plug in, etc.) can generate a
suitable electronic form (e.g., a web page form) from the
clectronic form object.

As another example, the electronic form object 1s gener-
ated 1) to include Computable Document Format (CDF)
code, and 1) such that a CDF player (available from Wol-
fram Research, Inc.) can generate an electronic form from
the electronic form object, according to an embodiment.

As another example, the electronic form object 1s gener-
ated 1) to include a spreadsheet application macro, and 11)
such that the spreadsheet application can render the elec-
tronic form, e.g., using spreadsheet elements.

In some embodiments, the electronic form object 1s gen-
erated such that a computational application (e.g., MATH-
EMATICA® or another suitable application) prompts the
user to provide iput via one or more command line
prompts. In some embodiments, electronic form object 1s
generated such that a suitable application (e.g., having or
utilizing voice synthesizer technology and/or voice recog-
nition technology) prompts the user with audio prompts to
provide voice input. Thus, in some embodiments, the elec-
tronic form need not be displayed on a display device and/or
need not utilize graphical user interface (GUI) elements.

In some embodiments, generated electronic form objects
754 are stored in the memory 108.

In some embodiments, the forms generation module 750
1s a component of a compiler, 1.e., a computer program that
transforms source code written 1n a programming language
into another computer language, typically to create an
executable program. In some embodiments, the forms gen-
eration module 750 1s a component of an interpreter, 1.€., a
computer program that directly executes, 1.e. performs,
instructions written 1n a programming or scripting language
(referred to herein for brevity as a “programming lan-
guage”), without first compiling the instructions ito a
machine language program. Thus, 1n some embodiments,
the programming input evaluated by the forms generation
module 750 includes software instructions written 1 a
programming language.

In some embodiments, the forms generation module 750
1s a component of a software application such as a compu-
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tational application. For example, the forms generation
module 750 may be a component of the MATHEMATICA®
computational software program developed by Woliram
Research, Inc., according to a specific embodiment.

In an embodiment, the memory 108 may store a web
browser 758. In an embodiment, the web browser 758, when
executed by the processor 104, can generate web page forms
from at least some electronic form objects 754, according to
an embodiment. For example, in an embodiment, the web
browser 758 1s utilized by a programmer for visualizing,
adjusting, moditying, etc., electronic forms generated using
the forms generation module 750.

FIG. 8 1s a diagram of another example system 800 for
creating electronic forms for eliciting user information,
according to another embodiment. As described in more
detail below, the system 800 enables efficient and flexible
generation of electronic forms, according to some embodi-
ments. In an embodiment, the system 800 1s similarly
structured to the system 100 of FIG. 1. For purposes of
brevity, like-numbered components are not described in
detaul.

In an embodiment, the memory 158 may store some of or
the entire forms generation module 750 discussed above.
For example, 1n an embodiment, the forms generation mod-
ule 750 1s implemented as a client-server system, and the
memory 158 stores a server portion of the forms generation
module 750, whereas the memory 108 of the computer 102
stores a client portion of the forms generation module 750.
In an embodiment, a programmer uses the computer 102 to
provide programming input to the server 152 via the net-
work 150. The server 152 then generates an electronic form
object, and the electronic form object 1s stored in a memory.
For example, 1n an embodiment, the electronic form object
1s stored 1n the memory 138 and/or the cloud storage 180. In
some embodiments, the cloud storage 180 i1s omitted. In
another embodiment, the electronic form object 1s transmit-
ted to the computer 102, via the network 150, and 1s stored
in the memory 108. In another embodiment, the electronic
form object 1s stored in a memory of another server system
(e.g., a web server (not shown)) so that the electronic form
object 1s accessible via the Internet, for example.

FIG. 9 1s a flow diagram of an example method 900 for
generating an electronic form, according to an embodiment.
The method 900 may be implemented by the system 100 of
FIGS. 1, the computer 102 of FIG. 7, and/or the system 800
of FIG. 8, in some embodiments, and the method 900 1s

iscussed with reference to FIGS. 7 and 8 for explanatory
purposes. In other embodiments, however, the method 900
1s implemented by a suitable computer or a suitable system
(e.g., multiple computers) other than the system 100, the
computer 102 and/or the system 800.

At block 904, programmer 1nput 1n a programming lan-
guage 1s received at one or more computers. For example,
programmer nput 1s received, via one or more input devices
112, at the computer 102. In some embodiments, the com-
puter 102 transmits the programmer 1nput to the server 152
via the network 150, and thus the programmer input 1s
received at the server 152. The programmer input includes
1) specification data corresponding to an electronic form to
be generated, and 1) a parameter that indicates a function to
be applied to user input.

FIG. 10A illustrates an example of programmer input
1000 such as programmer 1nput that can be recerved at block
904, according to an illustrative embodiment. The program-
mer input 1000 includes built-in function 1004 of a pro-
gramming language, 1.e. FormFunction| |, that a program-
mer may utilize to efliciently create an electronic form. The
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built-in function 1004 includes two arguments: specification
data 1008 and a parameter 1012 that indicates a function to
be applied to user input. Generally, specification data such as
the specification data 1008 may include data to indicate
properties of the form to be generated, according to an
embodiment. For example, the specification data 1008
includes data to indicate that the form 1s to elicit two 1nputs:
“first” and “‘second”. Additionally, the specification data
1008 indicate that the “first” mput will be of a data type
“String”, and the “second” will be of a data type “Number”.

Referring again to FIG. 9, at block 908, the programmer
input 1s evaluated at one or more computers to generate an
clectronic form object that includes one or more user-
interface mechanisms for receiving the user input. For
example, the forms generation module 750 may evaluate the
programmer input, in an embodiment. In some embodi-
ments, the programmer 1nput 1s fully evaluated 1n response
to recerving the programmer input. In other embodiments,
however, the programmer input 1s only partially evaluated,
and full evaluation 1s not completed until a later time, such
as upon or just before cloud deployment of the electronic
form object, or upon or just before the function indicated by
the parameter 1012 1s to be applied in response to user input.

Block 908 may include evaluating the programmer input
to generate code that 1s capable of being processed by an
application (e.g., a web browser or another suitable appli-
cation) to render the electronic form such as on a display
device.

Block 908 may include evaluating the specification data
to determine general characteristics of the form to be gen-
erated, according to an embodiment. For example, 1n some
embodiments, determining general characteristics of the
form to be generated may 1nclude determining one or more
of 1) how many user inputs are to be received by the form,
11) respective data types of the user mputs, etc. Referring to

FIG. 10A, for example, the specification data 1008 1is
evaluated to determine that the form 1s to elicit two elicit two
mputs: “first” and “second”. Additionally, evaluation of the
specification data 1008 reveals that the “first” mput will be
of a data type “String”’, and the “second” will be of a data
type “Number”. Thus, 1n an illustrative embodiment, the
forms generation module 750 evaluates the specification
data 1008 to determine that the form requires two mnputs: one
to elicit user mput of data type “String”, and another to elicit
user iput of data type “Number”. Based on the evaluation
of the specification data, code 1s generated for an electronic
form that conforms to the general characteristics corre-
sponding to the specification data 1008. The generated code
1s capable of being processed by an application to render the
clectronic form (having the general characteristics).

Also, block 908 may include evaluating the parameter
that indicates the function to generate code in the electronic
form object, 1n some embodiments. In the illustrative
example of FIG. 10A, the indicated tunction 1s merely “1”.
In other embodiments and/or scenarios, the indicated func-
tion may be a function expressed as or using built-in
functions of the programming language and/or program-
ming statements expressed using the programming lan-
guage. Thus, evaluating the parameter 1012 may comprise
evaluating one or more built-in functions of the program-
ming language and/or one or more programming statements
expressed using the programming language, in some
embodiments. Based on the evaluation of the parameter,
code 1s generated for the electronic form to cause the
function to be applied to input data when the electronic form
1s utilized by a user. In some embodiment, the generated
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code 1s capable of being processed by the application that 1s
to render the electronic form.

In other embodiments, however, the parameter 1012 that
indicates the function may be evaluated at a later time, such
as upon or just betore cloud deployment of the electronic
form object, or upon or just before the function indicated by
the parameter 1012 1s to be applied 1n response to user mput.
Thus, 1n some embodiments, the generated code causes
evaluation of the function to be completed at “run-time”,
¢.g., alter user mput 1s recerved.

In some embodiments, block 908 includes generating the
clectronic form object to include one or more of HTML
clements, XHTML elements, XML elements, style sheets
(e.g., CSS), scripts (e.g., JAVASCRIPT®, etc.), CDF code,

a spreadsheet macro, etc. In some embodiments, block 908
includes generating the electronic form object such that the
clectronic form object can be rendered by a web browser, a
web browser with a suitable plugin, a CDF player, a spread-
sheet application, an application that utilizes command line
prompts, an application that utilizes audio prompt technol-
ogy (e.g., voice synthesizer technology) and/or voice rec-
ognition technology, etc. Thus, 1n some embodiments, the
clectronic form need not be generated so that 1t can be
rendered on a display device and/or such that 1t utilizes GUI
clements. For example, the electronic form may be gener-
ated to utilize command line prompts, receive input via a
command line, utilize audio prompts, receive audio input
(e.g., voice mput), etc.

In some embodiments, the computer 102 1mplements
block 908. In some embodiments, the server system 202
implements block 908. In some embodiments, the computer
102 and the server system 202 together implement block
908.

At block 912, the electronic form object generated at
block 908 is stored in a memory. For example, in an
embodiment, the electronic form object 1s stored in the
memory 108. In another embodiment, the electronic form
object 1s stored 1n the memory 208. In another embodiment,
the electronic form object 1s stored in some other suitable
memory such as a memory of a web server (not shown in
FIGS. 7 and 8).

As discussed above, a suitable application may render an
clectronic form using the electronic form object. FIG. 10B
1s an 1llustration of an example graphical electronic form
1050 that may be rendered based on an electronic form
object generated 1n response to the programming mnput of
FIG. 10A, according to an embodiment. The electronic form
1050 includes a first GUI mechanism 1054 and a second
GUI mechanism 1058 corresponding to the “first” input and
the “second” input, respectively, discussed above with
respect to FIG. 10A. The first GUI mechanism 1054 1s a first
text box and the second GUI mechanism 1s a second text
box. In an embodiment, the forms generation module 750
generates the electronic form object such that the electronic
form 1050 includes text boxes 1n response to the specifica-
tion data 1008 indicating that the first input 1s of data type
string and the second 1nput 1s of data type number because
text boxes are appropriate GUI mechanisms for eliciting
string and number data types, 1n an embodiment.

The electronic form 1050 includes a first label 1062 for
the first text box 1054, and includes a second label 1066 for
the second text box 1058. The forms generation module 750
generates the electronic form object such that the electronic
tform 1050 1ncludes the first label 1062 and the second label
1066 1n response to the specification data 1008, 1n an
embodiment.
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The electronic form 1050 includes a submit button 1070.
The forms generation module 750 generates the electronic
form object such that the electronic form 1050 includes the
submit button 1070 because utilizing a submit button 1s
appropriate when utilizing text boxes, in an embodiment.
The electronic form 1050 also includes a cancel button 1074.
The forms generation module 750 generates the electronic
form object such that the electronic form 1050 includes the
cancel button 1074 as a default, according to an embodi-
ment.

When the user enters a string in the text box 10354, enters
a number 1n the text box 484, and then selects the submit
button 1070, the electronic form object 1s configured to
apply the function “I” 1012 to the string in the text box 1054
and the number 1n the text box 484 to generate a result. As
discussed above, 1n some embodiments, the function “1”
1012 1s evaluated when the user selects the submit button
1070.

In an embodiment, the forms generation module 750
automatically generates the electronic form object to take a
certain action(s) when one or more user inputs do not match
data types specified by the specification data 1008. For
example, 1n an embodiment, the forms generation module
750 generates the electronic form object such that the user
1s prompted when one or more user inputs do not match data
types specified by the specification data 1008. As an 1llus-
trative example, 1n an embodiment, if the user enters input
other than a string in the text box 1054 and then selects the
submit button 1070, the electronic form object may indicate
to the user that the “first” mput must be a string. Similarly,
in an embodiment, if the user enters input other than a
number in the text box 1058 and then selects the submit
button 1070, the electronic form object may indicate to the
user that the “second” mput must be a number. Similarly, in
an embodiment, 1f the user leaves one or more of the text box
1054 or the text box 1038 empty when selecting the submit
button 1070, the electronic form object may indicate to the
user that an mput must be provided. For example, the
clectronic form object may display to the user a suitable
message such as “This field 1s required.” In some embodi-
ments, specification data can be utilize to indicate that
certain 1nputs are required, certain inputs are optional,
certain inputs may have default values, etc.

In an embodiment, the programming language 1s designed
so that the programmer can utilize the specification data,
optionally, to specily various desired characteristics of the
clectronic form such as appearance characteristics, audio
characteristics, timing characteristics, etc. In some embodi-
ments, the forms generation module 750 utilizes default
parameters when the specification data does not specily
corresponding characteristics. For example, the programmer
can utilize the specification data to specily a window size of
a GUI form, but if the programmer does not specily a
window size, the forms generation module 750 utilizes
default parameters regarding the window size. As another
example, the programmer can utilize the specification data
to specily a color and/or design theme for a GUI form, but
i the programmer does not specily a theme from a plurality
of predetermined themes, the forms generation module 750
utilizes default parameters regarding the theme. As yet
another example mvolving a form that uses audio prompts,
the programmer can utilize the specification data to specily
audio characteristics of the form (e.g., male or female voice
for prompts, speaking speed of voice, volume, etc.), but 1f
the programmer does not specily such audio characteristics,
the forms generation module 750 utilizes default parameters
regarding the audio characteristics.
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In an embodiment, the programming language 1s designed
so that the programmer can utilize the specification data,
optionally, to specily various desired characteristics relating
to output of results, but the forms generation module 750
utilizes default parameters when the specification data does
not specily corresponding characteristics. For example, with
GUI forms, the programmer can utilize the specification data
to specily where, 1n relation to the GUI form, the result 1s to
be displayed (e.g., below, above, to the right, to the left, etc.),
but 1f the programmer does not specily such characteristics,
the forms generation module 750 utilizes default parameters
regarding placement of the result relative to the GUI form.
As another example, when the result 1s to be output using
audio, the programmer can utilize the specification data to
specily audio characteristics corresponding to output of the
result (e.g., male or female voice speaking speed of voice,
volume, etc.), but 1f the programmer does not specily such
characteristics, the forms generation module 750 utilizes
default parameters regarding such audio characteristics.

In an embodiment, the programming language 1s designed
so that the programmer can utilize the specification data,
optionally, to specily a type of electronic form object to be
generated, but the forms generation module 750 utilizes
default parameters when the specification data does not
specily corresponding characteristics. For example, the pro-
grammer can utilize the specification data to specily

between a plurality of different types of objects such as two
or more ol web page code (e.g., HIML, XHTML, etc.),

XML, a script (e.g., JAVASCRIPT®, etc.), CDF code, a
spreadsheet macro, etc., but 1f the programmer does not
specily such characteristics, the forms generation module
750 utilizes default parameters regarding the type of elec-
tronic object to be generated.

Referring again to FIGS. 10A and 10B, the forms gen-
eration module 750, as a default, generates the electronic
form object such that the form 1050 displays labels 1062 and
1066 as the keys “first” and “second”. In some embodi-
ments, the programmer can utilize the specification data to
override this default and specity different labels to be
included in the form. For example, FIGS. 11A and 11B
illustrate the example programming input of FIG. 10A and
the graphical electronic form of FIG. 10B, respectively,
except that the specification data 1008 1s altered to specily
labels to be used 1n the form 1150. For example, the
programming input 1100 includes {“first”, “String”} to
indicate that the text box 1054 (associated with the “first”
input) should have a label “String” 1154, and also includes
{“second”, “Number”} to indicate that the text box 1058
(associated with the “second” input) should have a label
“Number” 1138.

In an embodiment, the programming language 1s designed
to allow a programmer to specity labels as graphical objects.
FIGS. 12A and 12B illustrate the example programming
input of FIG. 11 A and the graphical electronic form of FIG.
11B, respectively, except that the specification data 1008 1s
altered to specily labels to be used in the form 1230. For
example, the programming input 1200 includes data related
to the string input that indicates that the text box 1054 should
have a graphical object 1204 as a label. Thus, the form 1250
1s generated to display the corresponding label 1254. In the
embodiment corresponding to FIGS. 12A and 12B, the
programming input 1200 includes the graphical object 1204.
In other embodiments, however, the programming input
1200 includes an indicator of or pointer to the graphical
object 1204, such as a file name of the graphical object 1204.

In an embodiment, the programming language 1s designed
to allow a programmer to add text and/or graphics to forms.
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FIGS. 13A and 13B illustrate the example programming
input of FIG. 12A and the graphical electronic form of FIG.
12B, respectively, except that the specification data 1008 1s
altered to specily text and graphics to be included in a form
1350. For example, the programming mput 1300 includes
text 1304 and graphics 1308. Thus, the form 13350 1s
generated to display corresponding text 1354 and graphics
1358. In the embodiment corresponding to FIGS. 13A and
13B, the programming mput 1300 includes the graphical
object 1308. In other embodiments, however, the program-
ming input 1300 includes an indicator of or pointer to the
graphical object 1308, such as a file name of the graphical
object 1308.

As discussed above, in some embodiments the form
generation module 750 1s configured to automatically gen-
crate forms with user interface mechanisms approprate for
the type of mput specified. FIG. 14 A illustrates an example
programming input 1400 in which a programmer has speci-
fied an 1nput of type “Color”. In response, the form genera-
tion module 750 generates an electronic form object that
includes a GUI appropriate for selecting a color. For
example, FIG. 14B illustrates an example form 1450 corre-
sponding to an electronic form object generated by the form
generation module 750. The form 1450 includes a GUI 854
for selecting a color.

FIG. 15A 1llustrates an example programming input 1500
in which a programmer has specified an nput of type
“mmage”. In response, the form generation module 750
generates an electronic form object that includes a GUI
appropriate for selecting an image file. For example, FIG.
15B 1llustrates an example form 1550 corresponding to an
clectronic form object generated by the form generation
module 750. The form 13350 includes a GUI 1554 {for
selecting an 1mage file.

FIG. 16 A 1llustrates an example programming mput 1600
in which a programmer has specified an input of type
“Boolean”. In response, the form generation module 750
generates an electronic form object that includes a GUI
appropriate for selecting a Boolean value. For example, FIG.
16B 1llustrates an example form 1650 corresponding to an
clectronic form object generated by the form generation
module 750. The form 1650 includes checkboxes 1654 for
selecting either a Boolean value O or a Boolean value 1.

FIG. 17 A 1llustrates an example programming input 1700
in which a programmer has specified an input corresponding
to selection of an element from a list. For example, the
programming put 1700 includes specification data 1708
having code 1712 indicating a user input corresponding to
selection from a list, e.g., from a list consisting of Flyers,
Business cards, and Leatlets. In response, the form genera-
tion module 750 generates an electronic form object that
includes a GUI appropriate for selecting from an element 1n
a list. For example, FIG. 16B 1illustrates an example form
1750 corresponding to an electronic form object generated
by the form generation module 750. The form 1750 includes
a pull down menu 1754 for selecting an 1tem from a list, e.g.,
the list consisting of Flyers, Business cards, and Leaflets.

Additionally, the specification data 1708 includes code
1716 indicating an override of the default label for the
“Submit” button, e.g., “Buy now!” In response, the form
generation module 750 generates the electronic form object
such that a label 1758 for the resulting form 1750 has the
label “Buy now!”

FIG. 18A 1llustrates an example programming mput 1800
in which a programmer has specified a theme of “Red”. In
response, the form generation module 750 generates an
clectronic form object corresponding to an electronic form
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having a visual theme corresponding to “Red”. Similarly,
FIG. 18B 1llustrates an example programming input 1820 1n
which a programmer has specified a theme of “White”. In
response, the form generation module 750 generates an
clectronic form object corresponding to an electronic form
having a visual theme corresponding to “White”. FIG. 18C
illustrates an example programming mput 1850 1n which a
programmer has specified a theme of “Blue”. In response,
the form generation module 750 generates an electronic
form object corresponding to an electronic form having a
visual theme corresponding to “Blue”.

FIG. 19A 1s an example of programming imnput 1900, and
FIG. 19B 1s an illustration of an example graphical elec-
tronic form 19350 that may be rendered based on an elec-
tronic form object generated in response to the programming,
input 1900 of FIG. 19A, according to an embodiment. The
programming mput 1900 includes specification data 1908
having data 1912 that indicates a first function to be applied
to user input received via the form. In particular, the first
function 1912 specifies that a “SemanticURL” type inter-
preter should be with user input received via the form. In an
embodiment, the interpreter “SemanticURL” receives text
corresponding to a semantic name of a website (e.g., Wol-
fram Research) and returns a particular uniform resource
locator (URL) corresponding to the semantic name (e.g.,
http://www.woliram.com).

The programming mput 1900 also includes data 1916
indicating a second function to be applied to user input
received via the form. In particular, the programming input
1900 specifies that the function “Composition|HTTPRedi-
rect, First]” should be applied to the result of the first
function 1912, 1.e., SemanticURL. In an embodiment, the
built-in function “HTTPRedirect” navigates to a web page at
URL passed to the function. Thus, the programming input
1900 specifies that the built-in function SemanticURL
should be applied to user mput to generate a URL, and the
built-in function HTTPRedirect should then be used to
navigate to the URL.

In response to the programming input 1900, the forms
generation module 750 generates an electronic form object
configured to generate the form 1950 of FIG. 19B. The
clectronic form 1950 includes a GUI mechanism 1954
corresponding to the “Website” input of the programming
input 1900. The GUI mechanism 1954 1s a text box. In an
embodiment, the forms generation module 750 generates the
clectronic form object such that the electronic form 1950
includes the text box in response to the specification data
1908. In particular, the forms generation module 750
assumes that the input will be text based on the first function
1912, which the forms generation module 750 knows
receives mput of type text, according to an embodiment. The
clectronic form 19350 includes a label 1958 for the text box
1954, and includes a second label 1066 for the second text
box 1058.

The electronic form 1950 includes a submit button 1962.
The forms generation module 750 generates the electronic
form object such that the electronic form 1950 includes the
submit button 1962 because utilizing a submit button 1s
appropriate when utilizing text boxes, in an embodiment.

When the user enters a string in the text box 1954, and
then selects the submit button 1962, the electronic form
object 1s configured to apply the first function 1912 to the
string 1n the text box 1954 to generate a URL. Additionally,
the second function 1916 1s applied to the generated URL
causing the browser to reiresh the web page.

Additionally, the specification data 1908 includes data
1920 relating to appearance of the electronic form to be
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generated. For example, the data 1920 indicates a “fitle” to
be included 1n the form, a “description™ to be included 1n the
form, and a label to be used for the submit button 1962.
Thus, the forms generation module 750 generates the elec-
tronic form object such that the electronic form 19350
includes a title 1966, a description 1970, and the submit
button 1962 has the appropriate label.

In some embodiments, techniques and systems such as
described above with respect to FIGS. 9-20C may be utilized
with techniques and systems that facilitate eflicient deploy-
ment of electronic forms to the Internet, an intranet, an
extranet, etc. For example, techniques and systems such as
described above may be utilized with cloud deployment
techniques and systems described above with respect to
FIGS. 1-8.

Referring again to FIG. 19A, the programming input 1900
may be evaluated completely (e.g., the function 1912 and the
function 1916 may be evaluated at the same time as other
parts ol the programming mnput 1900) and based on the
evaluation of the function 1912 and the function 1916, code
1s generated for the electronic form to cause the function
1912 and the function 1916 to be applied to input data when
the electronic form 1950 i1s utilized by a user. In other
embodiments, however, the function 1912 and/or the func-
tion 1916 may be evaluated at one or more subsequent times,
such as upon or just before the tunction 1912 and/or the
function 1916 are to be applied i response to user input
(e.g., the function 1912 and/or the function 1916 may be
evaluated in response to the user selecting the submit button
1962). Thus, 1n some embodiments, the generated code
causes evaluation of the function to be completed at “run-
time”, e.g., after user mput 1s recerved.

For example, 1n an embodiment, the server system 202
(FIG. 8) may evaluate the function 1912 and the function
1916 in response to the user selecting the submit button
1962. As another example, 1n an embodiment, a second
server (not shown 1n FIG. 8) may evaluate the function 1912
and the function 1916 in response to the user selecting the
submit button 1962. As yet another example, 1n an embodi-
ment, the second server (not shown) may send the function
1912 and/or the function 1916 and user mput received via
the electronic form 1950 to the server system 202 (or a third
server (not shown)), and the server system 202 (or the third
server (not shown)) applies the function 1912 and the
function 1916 to the user mput. In this embodiment, the
server system 202 (or the third server (not shown)) returns
the result to the second server (not shown) for displaying in
an output generated by the electronic form object. In some
embodiments, the second server (and/or the third server) has
a structure similar to the server system 202, e.g., with a
processor, a memory, a NIC, etc.

FIG. 20A 1s an example of programming mnput 2000, and
FIG. 20B 1s an 1illustration of an example graphical elec-
tronic form 20350 that may be rendered based on an elec-
tronic form object generated in response to the programming
input 2000 of FIG. 19A, according to an embodiment.

The programming mput 2000 includes a FormFunction
2004 within a CloudDeploy function 2008. As discussed
above, the FormFunction 2004 causes the forms generation
module 750 to generate an electronic form object, according
to an embodiment. Additionally, the CloudDeploy function
2008 causes the cloud deployment module 2004 to deploy
the electronic form object so that 1t 1s accessible via the
Internet, for example.

The programming mput 2000 1includes specification data
2012 and a function 2016. The specification data 2012

indicates that user mput (e.g., “from” and “to”) should be
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interpreted as airports (e.g., ORD 1s interpreted as O’Hare
International Airport, Chicago, Ill.; Boston 1s interpreted as
Boston Logan International Airport, etc.).

The function 2016 comprises several built-in functions
such as GeoGraphics, GeoPath, and GeoPosition. The func-
tion 2016 indicates that a graphic should be generated that
shows, on a map, a path from the location “from” to the
location “to”.

Referring now to FI1G. 20B, the form 20350 corresponds to
a web page generated by the forms generation module 750
and deployed by the cloud deployment module 1404 1n
response to the programming input 2000. The web page
2050 1ncludes text boxes 2054 and 2058 to receive the user
iput (e.g., “from” and “to”). The forms generation module
750 assumes that text boxes are appropriate because the
specification data 2012 indicates that user input (e.g., “from”
and “to””) should be interpreted as airports. The web page
2050 also includes a submit button 2062.

The cloud deployment module 1404 caused the electronic
form object to be deployed such that the electronic form
object 1s accessible at a URL 2070.

FIG. 20C 1s an illustration of an example output 2075
generated by the electronic form object in response to a user
entering “91k” 1n the text box 2054, entering “cdg’ 1n the text
box 2058, and selecting the submait button 2062. In particu-
lar, the output 2075 1s generated to include a graphic
showing a map and showing a path from John F. Kennedy
International Airport in New York, N.Y. to Charles de Gaulle
Airport 1n Paris, France.

Referring again to FIG. 20A, the programming input 2000
may be evaluated completely (e.g., the function 2016 may be
cvaluated at the same time as other parts of the programming
input 2000) and based on the evaluation of the function
2016, code 1s generated for the electronic form to cause the
function 2016 to be applied to input data when the electronic
form 2050 i1s utilized by a user. In other embodiments,
however, the function 2016 may be evaluated at a later time,
such as upon or just before cloud deployment of the elec-
tronic form object, or upon or just before the function 2016
1s to be applied 1n response to user mnput (e.g., the function
2016 may be evaluated 1n response to the user selecting the
submit button 2062). Thus, 1n some embodiments, the
generated code causes evaluation of the function to be
completed at “run-time”, e.g., after user input 1s recerved.

For example, in an embodiment, the web server (not
shown) may evaluate the function 2016 1n response to the
user selecting the submit button 2062. As another example,
in an embodiment, the web server (not shown) may send the
function 2016 and user mput received via the electronic
form 2050 to the server system 202 (or another server
system (not shown)), and the server system 202 (or the other
server system (not shown)) applies the function 2016 to the
user iput. In this embodiment, the server system 202 (or the
other server system (not shown)) returns the result to the
web server (not shown) for displaying in the output 2075
(FIG. 20C). In some embodiments, the web server (and/or
the other sever) has a structure similar to the server system
202, e.g., with a processor, a memory, a NIC, etc.

In some embodiments, specification data 1n the program-
ming input may specily that user mput received via the
clectronic form 1s to be processed using natural language
processing (NLP) techniques, and the function specified in
the programming 1nput 1s to be applied to a result of the NLP
processing of the user input. In some embodiments, the
programming input may also specily an entity type to which
the user input 1s to correspond to assist with NLP processing.
For example, 1n the example of FIGS. 15A-C, the program-
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ming nput 2000 specifies that the user input corresponds to
an entity type “Airport”, thus NLP processing of the user
iput 1s focused on determining airport type entity corre-
sponding to the user mput. For example, a user may enter
input 1n one of a variety of formats (e.g., a three-letter airport
code (e.g., ORD), a city (e.g., Chicago), a city and state/
province (e.g., Chicago, Ill.), a city and country (e.g.,
Chicago, USA) an airport name (e.g., ’Hare) etc.) and the
NLP processing may process the mput in an attempt to
determine a corresponding entity. In some embodiments, the
user input may be sent to a separate server system configured
to perform NLP processing (e.g., using techniques such as
described above), and the separate server system may return
results of the NLP processing.

Instant API

Referring again to FIG. 1, the system 100 may facilitate
cilicient generation of application programming interfaces
(APIs), and deployment of APIs to the web, according to
some embodiments. For example, the cloud-based develop-
ment system 188 and/or the cloud-based development front
end 144 may include an API generation module that enables
cllicient and flexible generation of APIs. Embodiments of an
API generation module and techniques for generating forms
are discussed below. In some embodiments, such modules
and techniques may be implemented by the system 100 of
FIG. 1. In other embodiments, such modules and techniques
may be implemented by systems different than the system of
FIG. 1.

For example, FIG. 21 1s a diagram of an example system
2100 for creating APIs, according to an embodiment. As
described 1n more detail below, the system 2100 enables
cilicient and flexible generation of APIs, according to some
embodiments.

In an embodiment, the system 2100 includes a computer
similarly structured to the computer 102 of FIG. 1. For
purposes of brevity, like-numbered components are not
described in detail.

In an embodiment, the memory 108 may store an API
generation module 2150 that facilitates generation of APIs,
as will be described 1n more detail below. In an embodiment,
the API generation module 2150 comprises software instruc-
tions that, when executed by the processor 104, causes the
processor to evaluate programming input from a program-
mer to generate an API such that the API subsequently can
be utilized to perform a processing action. For example, as
will be described in more detail below, the generated API
can be utilized by a solftware program running on the
computer 102, the computational application 140 running on
the computer 102 (not shown 1n FIG. 21), etc., according to
vartous embodiments. As another example, as will be
described 1n more detail below, the generated API can be
deployed to cloud storage and made network accessible
(e.g., using CloudDeploy or another suitable mechanism),
and a soltware program running on the computer 102 or
another suitable computer, the computational application
140 runming on the computer 102 (not shown 1 FIG. 21) or
another suitable computer, a cloud-based program running
on one or more servers, etc., may utilize the API via a
network, according to various embodiments.

In some embodiments, generated APIs 2154 are stored 1n
the memory 108.

In some embodiments, the API generation module 2150 1s
a component ol the cloud-based front end 144. In some
embodiments, the API generation module 2150 1s a compo-
nent of a compiler, 1.e., a computer program that transiorms
source code written 1n a programming language into another
computer language, typically to create an executable pro-
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gram. In some embodiments, the API generation module
2150 1s a component of an interpreter, 1.e., a computer
program that directly executes, 1.e. performs, instructions
written 1n a programming or scripting language (referred to
herein for brevity as a “programming language™), without
first compiling the instructions into a machine language
program. Thus, 1n some embodiments, the programming,
input evaluated by the API generation module 2150 includes
software 1nstructions written 1n a programming language.

In some embodiments, the API generation module 21350 1s
a component ol a software application such as a computa-
tional application 140 (FIG. 1). For example, the API
generation module 2150 may be a component of the MATH-
EMATICA® computational software program developed by
Woliram Research, Inc., according to a specific embodi-
ment.

FI1G. 22 1s a diagram of another example system 2200 for
generating APIs, according to another embodiment. As
described 1n more detail below, the system 2200 enables
cilicient and flexible generation of APIs, according to some
embodiments. In an embodiment, the system 2200 1s simi-
larly structured to the system 100 of FIG. 1. For purposes of
brevity, like-numbered components are not described in
detaul.

In an embodiment, the memory 158 may store some of or
the entire API generation module 2150 discussed above. For
example, 1n an embodiment, the API generation module
2150 1s implemented as a client-server system, and the
memory 158 stores a server portion of the API generation
module 2150, whereas the memory 108 of the computer 102
stores a client portion of the API generation module 2150. In
an embodiment, a programmer uses the computer 102 to
provide programming input to the server 152 via the net-
work 150. The server 152 then generates an API, and the API
1s stored 1n a memory. For example, 1n an embodiment, the
API 1s stored 1in the memory 158 and/or the cloud storage
180. In some embodiments, the cloud storage 180 1s omitted.
In another embodiment, the API 1s transmitted to the com-
puter 102, via the network 150, and 1s stored 1n the memory
108. In another embodiment, the API 1s stored in a memory
of another server system (e.g., a web server (not shown)) so
that the API 1s accessible via the Internet, for example.

FIG. 23 1s a flow diagram of an example method 2300 for
generating an API, according to an embodiment. The
method 2300 may be implemented by the computer 102 of
FIG. 21 and/or the system 2200 of FIG. 22, in some
embodiments, and the method 2300 i1s discussed with ref-
erence to FIGS. 21 and 22 for explanatory purposes. In other
embodiments, however, the method 2300 1s implemented by
a suitable computer or a suitable system (e.g., multiple
computers) other than the computer 102 and/or the system
2300 (e.g., by the system 100 of FIG. 1 or another suitable
system).

At block 2304, programmer mput 1n a programming
language 1s received at one or more computers. For example,
programmer mnput 1s received, via one or more input devices
112, at the computer 102. In some embodiments, the com-
puter 102 transmits the programmer 1nput to the server 152
via the network 150, and thus the programmer mput 1s
received at the server 152. The programmer input includes
1) first specification data corresponding to imput parameters
for an API to be generated, and 11) second specification data
that indicates a function to performed.

FIG. 24A illustrates an example of programmer input
2400 such as programmer 1nput that can be received at block
2304, according to an 1illustrative embodiment. The pro-
grammer input 2400 includes built-in function 2404 of a
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programming language, 1.e. APIFunction] |, that a program-
mer may utilize to efliciently create an API. The built-in
function 2404 includes two arguments: first specification
data 2408 and second specification data 2412, where the first
specification data 2408 specifies an input parameter to an
API to be generated, and the second specification data that
specifies a function to be applied to input parameter. In some
embodiments, the first specification data also may specity,
for each of at least some iput parameters, a type of the
parameter. For instance, in the example of FIG. 24A, the
specification data 2408 specifies that the input parameter “x”
1s an “integer” type. In the illustrative embodiment of FIG.
24 A, the programmer input 2400 may be entered 1nto a file,
a notebook, a web page, etc. In other embodiments other
suitable programmer input 1s received in another suitable
manner, such as via a spreadsheet, etc.

In the example of FIG. 24 A, the second specification data
2412 specifies that a built-in function Factorinteger 1s to be
applied on the mput “x”. The function Factorinteger 1s a
built-in function, 1n an embodiment.

Referring again to FIG. 23, at block 2308, the program-
mer input 1s evaluated at one or more computers to generate
an API that can be passed one or more parameters and that
performs the specified function. For example, the API gen-
eration module 2150 may evaluate the programmer input, 1n
an embodiment, to generate the API. In some embodiments,
the programmer input 1s fully evaluated in response to
receiving the programmer input. In other embodiments, the
programmer 1s only partially evaluated. For example, in
some embodiments, the second specification data 2412 may
not be fully evaluated. For instance, 11 the specification data
2412 1includes software code specilying a function to be
performed, the software code may not be evaluated until the
API 1s subsequently invoked or utilized, according to some
embodiments. The API generation module 2150 may utilize
the first specification data 2408 and the second specification
data 2412 (and some or all (or none) of other arguments(s)
and/or parameters, 1f provided in the programmer input) to
generate the API. The API may include an electronic object
having software instructions, where the electronic object 1s
configured such that parameter(s) (specified by the first
specification data) can be passed to the electronic object and
the electronic object can be invoked to perform the specified
function (specified by the second specification data) using
the specified parameter(s), 1n some embodiments. In an
embodiment, the API includes software instructions that can
be executed by one or more computers to cause the one or
more computers to perform the specified function using the
specified parameter(s).

In some embodiments, the computer 102 implements
block 2308. In some embodiments, the server 152 imple-
ments block 2308. In some embodiments, the computer 102
and the server system 202 together implement block 2308.

At block 2312, the API generated at block 2308 1s stored
in a memory. For example, 1n an embodiment, the API 1s
stored 1in the memory 108. In another embodiment, the API
1s stored 1n the memory 158. In another embodiment, the
API 1s stored 1n the cloud storage 180. In another embodi-
ment, the electronic form object 1s stored 1n some other
suitable memory such as a memory of a web server (not
shown 1 FIGS. 21 and 22).

Referring again to FIG. 24 A, the programmer input 2400
includes a name 2420 for the API. The name 2420 (“func”™)
can be utilized to access the API, in an embodiment. For
example, FIG. 24B illustrates an example of programmer
input 2450 that 1s used to access the API and provide a
parameter to the API, according to an illustrative embodi-
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ment. The programmer input 2450 includes the name of the
API (*func”) and also data that indicates the parameter “x”
1s set to the integer fifteen. In response, the API 1s evaluated
and returns a result 2466. In the 1llustrative embodiment of
FIG. 24B, the programmer 1mput 2450 may be entered into
a lile, a notebook, a web page, etc. In other embodiments
other suitable programmer nput 1s received in another
suitable manner, such as via a spreadsheet, etc. In an
embodiment, the result 2466 may be returned 1n the same
file, notebook, spreadsheet, web page, etc., in which the
programmer input 2450 was entered. In other embodiments,
the result 2466 may be returned 1n a file, notebook, spread-
sheet, web page, etc., separate from the file, notebook,
spreadsheet, web page, etc., 1n which the programmer input
2450 was entered.

In some embodiments 1n which the API generation mod-
ule 2100 1s a component of a computational application such
as the computational application 140, the API may be
created by the computational application 140 and then used
by the computational application 140. In some embodi-
ments, the API may be created by the API generation module
2100 and/or the API generation module 2150 then made
available for use by one or more of another application (e.g.,
different than the computational application 140), another
program, and/or a different computer from the computer(s)
on which the API was generated.

For example, in some embodiments, the generated API
may be made accessible via network-accessible storage,
such as the cloud storage 180. For example, the generated
API may be made accessible via a URL, a URI, etc., or some
other suitable mechanism. In some embodiments, the Cloud-
Deploy function may be utilized to deploy an API to
network-accessible storage such as the cloud storage 180.

FIG. 25A 15 an 1illustrative example in which a program-
mer utilizes the CloudDeploy function and the APIFunction
to generate an API and deploy the generated API to network-

accessible storage, such as the cloud storage 180. In the
example of FIG. 25A, the API to be deployed utilizes a

built-in function of MATHEMATICA®, GeoGraphics. The
GeoGraphics function generates a 2-dimensional (2D) geo-
graphic 1image.

Programmer input 23500 includes the APIFunction 2504,
first specification data 2508, and second specification data
2512, where the first specification data 2508 specifies an
input parameter to an API to be generated and a type of the
parameter, and the second specification data 2512 that
specifies a function to be applied to mput parameter. For
instance, the specification data 2508 specifies an 1nput
parameter “name” of a type “Country”, and the second
specification data 2512 specifies that the GeoGraphics func-
tion 1s to be applied to the “country” input parameter to draw
a polygon of the country indicated by the input parameter,
and to generate a result 1n a Portable Network Graphics
(PNG) format.

Additionally, the programmer input 2500 includes the
CloudDeploy function 2540. Evaluation of the CloudDeploy
function 1n FIG. 25A returns a handle corresponding to
deployment of the expression. The handle includes a URL
that enables access to the API. FIG. 25B illustrates a web
page that a user sees when entering, 1n a web browser, a
URL corresponding to the handle, and appending a param-
cter input to the URL (e.g., “?name=Italy”). In particular, the
web page includes 2D geographic polygon drawing of Italy.
In an embodiment, a server, such as the server 152, receives
the URL with the appended parameter information from a
requesting computer, uses the URL to locate the API in the
cloud storage 180, evaluates the API using the appended
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parameter information to generate a result, and the returns to
the requesting computer the result 1n a web page.

Thus, 1 various embodiments, the cloud-based develop-
ment system 188 may be configured to perform one or more
of, or various suitable combinations of two or more of:
create an API, deploy the API, give and/or associate the API
a name, associate the API with one or more methods,
actions, and/or functions to be performed, and associate the
API with one or more various parameters, store the API in
the cloud storage 180, create a mapping paradigm to map
portions of a URL or URI to the methods, actions, and/or
functions and/or to the parameter(s) of the methods, actions,
and/or functions, such that the methods, actions, and/or
functions can be called from a browser, by a website, by a
mobile application, by a form, etc., merely by sending a
URL complying with the API. In embodiments, the cloud-
based development system 188 may generate documentation
for the API, describing the implementation of the API, the
mapping ol the methods, actions, and/or functions to the
URL, the format of the data returned by the API, etc.

In some embodiments, the cloud-based development sys-
tem 188 provides an option to allow a user to interact with
the cloud-based development system 188 to edit or revise
the mapping, the API name, and other aspects of the API
creation. For example, in embodiments, the instant API
module may suggest additional functions or methods to add
to the API. The instant API module may also facilitate the
use of data, vanables, and/or parameters stored in the cloud
(1.e., on the cloud servers), or data stored at a location
specified by a URL. For example, the cloud-based devel-
opment system 188 may provide various user interiace
mechanisms to permit a user to facilitate editing/revisions
such as described above.

In some embodiments, the APIs can be configured to
accept natural language (1.e., free-form) mputs. As an 1llus-
trative example, an API may be configured to accept a date
input specified as “first Monday before Christmas.” The API
and/or the cloud-based development system 188 may
include a module configured to convert such natural-lan-
guage mput to a canonical form.

In an embodiment, the programming language utilized by
the computational application 140 (e.g., the Woliram Lan-
guage™ utilized by MATHEMATICA®) and associated
with the cloud-based development system 188 permits rep-
resentation of at least some objects (e.g., APIs) symbolically
in the cloud.

In some embodiments, the computational application 140,
the cloud-based front end 144, and/or the cloud-based devel-
opment system 188 utilizes a computable document format
(CDF) that allows exchange of components with interactive
features between desktop and mobile platforms and the
cloud-based development system 188 (for example). An
author can generate a CDF document on desktop software
(e.g., MATHEMATICA®), and deploy it to the cloud stor-
age 180 using native function calls. From the cloud platiorm
it can be served according to access control information to
web visitors (e.g., publically, privately, or only to those who
have a link to the document). The author can then access the
deployed CDF (e.g., via the cloud-based development sys-
tem 188) to make modifications. A revised version 1s then
made available to all platforms automatically.

Connected Devices

Referring again to FIG. 1, the system 100 may facilitate
cllicient interaction with devices that have sensors and/or
actuators to enable interaction with or sensing characteristics
of the real world (referred to herein as “connected devices™
for brevity), according to some embodiments. For example,
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the cloud-based development system 188, the cloud-based
development front end 144, and/or the computational appli-
cation 140 may include a connected devices module 2604
(or client/server, front end/back end, etc., portions thereot)
that enables eflicient and flexible interactions with con-
nected devices. Embodiments of a connected devices mod-
ule 2604 and techmiques for interacting with connected
devices are discussed below. In some embodiments, such
modules and techniques may be implemented by the system
2600 of FIG. 26. In other embodiments, such modules and
techniques may be implemented by suitable systems difler-
ent than the system of FIG. 26. For example, in some
embodiments, the server 152 may be omitted.

In an embodiment, the system 2600 1s similarly structured
to the system 100 of FIG. 1. For purposes of brevity,
like-numbered components are not described 1n detail.

The system 2600 includes a connected device 2620,
which may include, or be commumicatively coupled to, one
or more of 1) one or more sensors, 11) one or more actuators,
ctc. For example, the computing device 504 may include a
testing device, a sensor device, a device such as the Rasp-
berry P1 device developed by the Raspberry P1 Foundation,
a device such as the Arduino single board microcontroller
device, a health monitoring device, a wearable fitness
device, etc.

The connected device 2620 may include one or more
processors (e.g., a microprocessor, a microcontroller, etc.)
and one or more memory devices coupled to the one or more
processors. Machine readable instructions may be stored in
the one or more memory devices (hereinalter referred to as
“the memory” for brevity), and when the one or more
processors (hereinafter referred to as “the processor” for
brevity) execute the machine readable mstructions, the pro-
cessor may perform various acts specified by the machine
readable instructions.

The connected device 2620 may include one or more
communication interfaces for communicating with one or
more of the computer 102, the network 150, a sensor, an
actuator, a hardware module, other hardware and/or pro-
grammable devices, etc. For example, the connected device
2620 may include one or more of a USB interface, a serial
bus interface, a parallel bus interface, a port interface, a
Bluetooth interface, a personal area network (PAN) inter-
face, a FireWire interface, a PCI Express interface, an
inirared interface, a fiber optic interface, a local area net-
work (LAN) interface, a wireless local area network
(WLAN) interface, a cellular communication network inter-
tace device, a wide area network (WAN) interface, etc.

In some embodiments, the connected device 2620 may be
communicatively coupled to the computer 102.

In some embodiments, the connected device 2620 may be
communicatively coupled to a server 102 via the computer
102 and the communication network 150. In some embodi-
ments, the connected device 2620 may be communicatively
coupled to the server 512 via the communication network
150 and not via the computer 102.

In some embodiments, the connected device 2620 may be
configured to execute functional modules including one or
more of 1) an operating system; 11) a computational appli-
cation kernel or engine (e.g., a MATHEMATICA® kernel or
engine) for performing pre-defined functions and for execut-
ing computer-readable instructions based on an associated
language (e.g., the Wolfram Language™); 111) a command
line interface module for acting as a front end to the
kernel/engine; 1v) a notebook user interface front end to the
kernel/engine; v) one or more data analysis engines config-
ured to a) classily data 1n one or more data sets and/or to
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perform analysis, sometimes 1n cooperation with the com-
putational kernel or other functional modules, of data 1n one
or more data sets; b) generate and/or implement APIs; c)
interpret iree-form data and/or convert the free-form data
into structured data; d) classify data sets; ¢) facilitate cloud
execution of various computational functions requested
from external devices (e.g., other computers, servers, and/or
embedded devices) by, for example, receiving and answer-
ing function calls originating in software executing on those
external devices; 1) generate and/or update reports based on
various datasets stored 1n the cloud or passed to the func-
tional module from an external device; etc.

In some embodiments, modules executed on the con-
nected device 2620 permit using a high-level programming
language to quickly and easily cause the connected device
2620 to interact with the real world (e.g., gather data from
sensors, control an actuator, move a robot arm, etc.) without
a user needing to have i-depth knowledge and understand-
ing of the underlying hardware.

In some embodiments, a user may interact with (e.g.,
configure, program, get sensor data from, control an actua-
tor, etc.) the connected device 2620 via a user interface
module executed by the connected device 2620. In some
embodiments, the connected device 2620 may include, or be
coupled to, user interface devices such as a keyboard, a
keypad, a touch screen, a button, a mouse, a display device,
etc., and the user may interact with the connected device
2620 via such user interface devices. In some embodiments,
the user may interact with the connected device 2620 via
user interface devices of or coupled to the computer 102,
where data 1s exchanged between such user interface devices
and the connected device 2620 via a communication link
between the connected device 2620 and the computer 102.

In other embodiments, the connected device 2620 may act
more as a “dumb” terminal, where user interface functions
are executed on another device such as the computer 102.
Additionally, 1n some embodiments, the connected device
2620 may omit a man-machine interface.

For example, in some embodiments, the computer 102
may be configured to execute functional modules including
one or more of 1) an operating system; 11) a computational
kernel or engine (e.g., a MATHEMATICA® kernel or
engine) for performing pre-defined functions and for execut-
ing computer-readable instructions based on an associated
language (e.g., the Wolfram Language™); 111) a command
line interface module for acting as a front end to the
kernel/engine; 1v) a notebook user interface front end to the
kernel/engine; v) one or more data analysis engines config-
ured to a) classily data in one or more data sets and/or to
perform analysis, sometimes 1n cooperation with the com-
putational kernel or other functional modules, of data in one
or more data sets; b) generate and/or implement APIs; c)
interpret free-form data and/or convert the free-form data
into structured data; d) classily data sets; e) tacilitate cloud
execution of various computational functions requested
from external devices (e.g., other computers, servers, and/or
embedded devices) by, for example, recerving and answer-
ing function calls originating 1n software executing on those
external devices; 1) generate and/or update reports based on
various datasets stored 1n the cloud or passed to the func-
tional module from an external device; g) convert software
code between diflerent programming languages (e.g.,
between C++ and the Wollram Language™, between JAVA
and the Wollram Language™, between C++ and JAVA,
etc.); efc.

In some embodiments, the connected devices module
2604 ecxecuting on the computer 102 permits using a high-
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level programming language to quickly and easily interact
with the connected device 2620 without a user needing to
have in-depth knowledge and understanding of the under-
lying hardware of the connected device 2620.

In some embodiments, a user may interact with (e.g.,
configure, program, get sensor data from, etc.) the connected
device 2620 via a user interface module executed by the
computer 102 (e.g., a component of the connected devices
module 2504). In some embodiments, the computer 102 may
include, or be coupled to, user interface devices such as a
keyboard, a keypad, a touch screen, a button, a mouse, a
display device, etc., and the user may interact with the
connected device 2620 via such user interface devices. For
example, a user may develop code, using the computer 102,
for mteracting with the connected device 2620, and then
cause the code to be deployed to the connected device 2620
via a communication link (e.g., USB, Bluetooth, WLAN,
etc.) between the computer 102 and the connected device
2620. As another example, a user may develop code, using
the computer 102, for interacting with the connected device
2620, and then cause the code to be deployed to the
connected device 2620 via the server 152. Such deployed
code may then be executed by the connected device 2620.

In other embodiments, a user may develop code, using the
computer 102, for interacting with the connected device
2620, and then cause the code to be deployed to the cloud
storage 180. The deployed code may then be executed by the
server 152, causing the server 152 to interact with the
connected device 2620 (e.g., extract data from the connected
device 2620, configure/program the connected device 2620
to perform a particular task, etc.). The server 102 may
communicate with the connected device 2620 via the net-
work 150, 1n some embodiments. In some embodiments, the
computer 102 may act as a conduit for communications
between the server 152 and the connected device 2620. In
other embodiments, the server 152 and the connected device
2620 may communicate without going through the computer
102 (e.g., 11 the connected device 2620 1s capable of estab-
lishing a communication link with another device such as a
router, an access point, another computer, etc.).

In some embodiments, a module executed by the con-
nected device 2620 may cause the connected device 2620,
when the connected device 2620 1s communicatively con-
nected to the network 150 (e.g., directly or via one or more
other devices such as a gateway device, a router, a switch,
an access point, the computer 102, etc.), to inform the server
152 of 1ts presence. This may facilitate one or more other
computers (e.g., the computer 102 or another computer) that
are communicatively connected to the server 152 discover-
ing the presence of the connected device 2620, and then
interacting with the connected device 2620 (e.g., via the
server 152 or without the sever 152 acting as an intermedi-
ary). Additionally or alternatively, in some embodiments, a
module executed by the connected device 2620 may cause
the connected device 2620, when the connected device 2620
1s commumnicatively connected to the computer 102 (e.g.,
directly (e.g., via USB, Bluetooth, peer-to-peer connection,
etc.) or via one or more other devices such as a gateway
device, a router, a switch, an access point, etc. ), to inform the
computer 102 of 1ts presence. This may facilitate the com-
puter 102 discovering the presence of the connected device
2620, and then interacting with the connected device 2620
(e.g., via the server 152 or without the server 152 acting as
an intermediary). In some embodiments, the user computer
102 may report the presence of the connected device 2620
to the server 152.
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As an illustrative example, when a new Raspberry Pi
device (or other suitable connected device 2620) i1s con-
nected to a USB port of the computer 102, which 1s
connected to the server 152 wvia browser session, for
example, the server 152 may detect the presence of the
Raspberry P1 device and generate a dialog window 1n the
browser window such as: “you just connected a new Rasp-
berry P1 device to xyxy.ngb.chic.1.2.3.4-JohnSmith-Desk-
top—ink to your Cloud Plattorm account?<OK/CAN-
CEL>”. If “OK” 1s selected, the cloud server system 512
may prompt to name the device, e.g.: “What would you like
to name your new device?” A suitable name such as RasPil
may be selected by the user.

Devices connected to the computer 102, and sensors
connected to those devices, may be represented 1n a window
using a tree data structure, for example, which 1s updated in
real-time as devices are hot-plugged/unplugged, and device
sensors go into different states. A similar tree data structure
may also be made available via the server 152, in some
embodiments.

YOUR DEVICES

- RasPil +[ shutdown/reboot/ping/... |
---- USB

~--GPIO [ ---- - ]

---- Ethernet [ 1p = 1.2.3.4/255 ]

- 1RasP12 [ disconnected |

- WeatherStation

---- USBI1

--- USB2

---- Temperature [25 celsius]
-- Humidity [ 43% ]

FIG. 27 1s an illustration of an example GUI 2700
implemented on the computer 102 or some other suitable
computer, according to an embodiment. The GUI 2700 may
facilitate interaction with the connected device 2620. The
GUI 2700 may be implemented by the connected devices
module 2604, according to an embodiment. For instance, in
an embodiment, connected devices module 2604 may permit
a user to interact with the connected device 2620 using a
notebook of the communication application 140. In some
embodiments, the connected devices module 2604 provides
a front end for a computational application kernel running
on the connected device 2620. In such embodiments, a user
can utilize a high level programming language to control
and/or retrieve data from the connected device 2620 without
needing knowledge of low-level and/or hardware level
details regarding the connected device 2620.

Similarly, 1n some embodiments, the connected devices
module 2604 acts as an intermediary between 1) the com-
putational application 140 running on the computer 102 or
a computational application kernel running on the server
152, and 11) the connected device 2620. In such embodi-
ments, a user can utilize a high level programming language
to control and/or retrieve data from the connected device
2620 without needing knowledge of low-level and/or hard-
ware level details regarding the connected device 2620.

In an embodiment, the connected devices module 2604
maintains association data regarding connected devices
(e.g., the connected device 2620) associated with the com-
puter 102 and/or a user. The connected devices module 2604
may uftilize the association data to identily connected
devices (e.g., the connected device 2620) associated with the
computer 102 and/or the user, such that when the user is
using the computer 102 or another computer (e.g., using the
computational application 140 on the computer 102 and/or
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the server 152), the user can be provided with options for
establishing connections with one or more connected
devices (e.g., the connected device 2620) and/or interacting
with the one or more connected devices. In an embodiment,
the association data may comprise globally unique identifi-
ers (e.g., UIDs, media access control (MAC) addresses, etc.)

of connected devices, computers, etc., and/or user 1dentifiers
(IDs).

In some embodiments, a module executed on the con-
nected device 2620 may map 1) programmer 1nput 1n a high
level language (e.g., the Wollram Language™), computa-
tional application built-in functions, etc., and/or correspond-
ing message data to 1) low-level and/or machine level
instructions and/or configuration information. In some
embodiments, the computer 102 and/or the server 152
includes a driver module configured to facilitate communi-
cations between 1) the computer 102 and/or the server 152
and 11) the connected device 2620. In some embodiments,
the driver module may permit transier of high level language
instructions/functions, (e.g., the Wollram Language™),
computational application built-in functions, etc., to the
connected device 2620. In some embodiments, the driver
module may permit transier of data, objects, messages, etc.,
formatted 1) according to a high level language (e.g., the
Woliram Language™) and/or 11) for processing by the
computational application 140, etc., from the connected
device 2620.

In some embodiments, a module executed on the com-
puter 102 and/or the server 152 may map 1) programmer
mput m a high level language (e.g., the Wollram Lan-
guage™) computational application built-in functions, etc.,
and/or corresponding message data to 11) low-level and/or
machine level mstructions and/or configuration information
to permit interaction with the connected device 2620 via the
driver module, for example.

In some embodiments, the connected devices module
2604 1s configured to interface with a plurality of types of
connected devices 2620. In some embodiments, the con-
nected devices module 2604 includes data for performing
mappings between high level programmer/user mput and
low-level/machine level instructions/configuration informa-
tion for the plurality of different types of connected devices
2620. For example, in some embodiments, the connected
devices module 2604 may include or have access to map-
ping 1nformation to enable mapping between high level
programmer/user mput and low-level/machine level 1nstruc-
tions/configuration mformation for the plurality of diflerent
types of connected devices 2620.

In some embodiments, the connected devices module
2604 1s configured to perform 1nitial communications with a
connected device 2620 to determine the type of the con-
nected device 2620. Based on the determined type of the
connected device 2620, the connected devices module 2604
may be configured to determine a particular mapping appro-
priate for the connected device 2620, the mapping to be used
for converting high level programmer/user imput to low-
level/machine level instructions/configuration information
appropriate for the particular connected device 2620.

Referring again to FIG. 27, a button 2704, when activated,
may cause the computer 102 (or the server 152, i an
embodiment) to establish a connection with the connected
device 2620 (e.g., a Raspberry P1 device), according to an
embodiment. In various embodiments, establishing a con-
nection may include utilizing a device driver determined to
be appropriate for the connected device 2620, and/or utiliz-
ing appropriate mapping information to convert high level
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programmer/user input to low-level/machine level 1nstruc-
tions/configuration information appropriate for the particu-
lar connected device 2620.

A button 2708, when activated, may open a new notebook
associated with the connected device 2620, according to an
embodiment. For example, in some embodiments, a user can
interact with the connected device 2620 using a high-level
soltware language such as the Wolfram Language™ and a
notebook of a computational application such as MATH-
EMATICA®. As an 1llustrative embodiment, a user can send
configuration data and/or control data to the connected
device 2620 with programming mput (in a high-level soft-
ware language such as the Woliram Language™) entered
into the notebook. As another illustrative embodiment, a
user can retrieve data (such as one or more of sensor data,
operational data, configuration data, etc.) from the con-
nected device 2620 with programming mput (in a high-level
software language such as the Woliram Language™)
entered into the notebook. In other embodiments, a user can
interact with the connected device 2620 using a high-level
soltware language and/or functions provided by other types
of computational applications such as a spreadsheet appli-
cation and a notebook, workspace, spreadsheet of the com-
putational application (e.g., a spreadsheet document of the
spreadsheet application). In some embodiments, appropriate
mapping information 1s utilized to convert high level pro-
grammer/user input to low-level/machine level instructions/
configuration information appropriate for the connected
device 2620.

Data from the connected device 2620 can be made
network accessible using techniques such as described
above. For example, a programmer can utilize high-level
programmer input, functions, istructions, etc., such as
CloudDeploy, CloudPut, etc. and/or other suitable program-
mer mput, functions, mstructions, etc., 1 various embodi-
ments.

The connected devices module 2604 executing on one or
more of the connected device 2620, the computer 102,
another computer, the server 152, etc., may provide a set of
device interaction functions, instructions, etc., for interact-
ing with the connected device 2620. In some embodiments,
the set of device interaction functions, mstructions, etc., may
permit configuring and/or interacting with connected
devices 2620 using a high-level programming language,
high-level commands, functions, etc., without a user needing
to have in-depth knowledge and understanding of the under-
lying hardware.

An example set of device interaction functions 1s provided
below. The example set of device interaction functions 1s
merely one example, according to an embodiment, and other
suitable sets of functions may be utilized. For example, other
suitable set of device interaction functions may include
additional functions, may omit one or more of the following
functions, may include modified versions of one or more
functions, may combine two or more of the following
functions 1nto a single function, may implement one of the
following functions as multiple separate functions, may use
different function names, may have fewer, more, and/or
different parameters, etc.

Some functions may be useful for setting up and/or
configuring hardware devices included in or communica-
tively connected to the connected device 2620, establishing
connections with hardware devices included 1n or commu-
nicatively connected to the connected device 2620, etc.

A DeviceOpen function may be utilized to open a con-
nection to the connected device 2620. The DeviceOpen
function returns a DeviceObject expression and/or object
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that represents the connected device 2620, e.g., a handle to
the connected device 2620. The DeviceObject may be
utilized to refer to the connected device 2620 using the
high-level language, functions, instructions, etc., of the
computational application 140. The DeviceOpen function
may take one or more arguments, in various embodiments.
For example, 1n an embodiment, a “devclass™ argument may
be utilized to specily a class of devices. In an embodiment,
DeviceOpen|“devclass™”] may open a connection to a first
available connected device of the specified class. As another
example, 1n an embodiment, a “spec” argument may be
utilized to specily a particular device within a specified
class. In an embodiment, DeviceOpen|*“devclass™”, spec]
may open a connection to a connected device defined by
spec. As another example, in an embodiment, a “device”
argument may be utilized to specily a device corresponding
to a DeviceObject expression/object.

Some example usages of DeviceOpen are provided
below:

DeviceOpen[“GPIO”]\[LongRight Arrow]DeviceObject[{ “deviceclass”,
“deviceid”}]

DeviceOpen|[“Arduino™, “/dev/tty5™]

DeviceOpen[“Arduino”, XXXX]

DeviceOpen|[“Serial”, { XXXXX, BitRate —> XXXX}]
DeviceOpen[“Camera”, {RasterSize —> XXXX}, XXXXX]

A DeviceConfigure function may be utilized to configure
a connected device. For example, in an embodiment,
DeviceConfigure may include two arguments: e.g., Device-
Configure[device, config], which causes configuration of the
specified device (e.g., “device” argument may correspond to
a DeviceObject expression/object) according to configura-
tion information specified by the config parameter.

A DeviceClose function may be utilized to close a con-
nection to a connected device and release resources associ-
ated with the connected device. In an embodiment, the
DeviceClose function may include an argument that indi-
cates the connected device: e.g., DeviceClose[device].

A FindDevices function may be utilized to find available
connected devices. For example, in an embodiment, the
FindDevices function may return a DeviceObject expression
for each discovered device.

A Devicelnformation function may be utilized to retrieve
information about a connected device. In an embodiment,
the Devicelnformation function may include an argument
that indicates the connected device: e.g., Devicelnformation
[device].

A CameraOpen function may be utilized to open a con-
nection to a camera device.

A DeviceRead function may be utilized to read data from
the connected device 2620. The DeviceRead function
returns an object corresponding to data read from the
connected device 2620. The returned object may be 1n a
format that 1s computable by, and can be processed by, the
high-level language, functions, instructions, etc., of the
computational application 140. The DeviceRead function
may take one or more arguments, in various embodiments.
For example, 1n an embodiment, a “device” argument may
be utilized to specily a device corresponding to a Device-
Object expression/object. As another example, a “devclass”
argument may be utilized to specily a class of devices, and
data may be read from a default device 1n the specified class.
In an embodiment, one or more device parameters to be read
from the device may be specified.
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FIG. 28 1s an 1llustration of an example notebook 2800. In
the example of FIG. 28, a parameter “Humidity” 1s read
from a weather station device. An object (21.4%”) 1s
returned. In an embodiment, the returned object may be in
a format that 1s computable by, and can be processed by, the
high-level language, functions, instructions, etc., of the
computational application 140. In an embodiment, the
returned object may be processed by the computational
application 140 within the notebook 2800. For example, 1n
an embodiment, a subsequent function entered by a user 1n
the notebook 2800 can utilize the returned object may be
processed by the computational application 140 within the
notebook 2800. As another example, in an embodiment, an
expression such as x=DeviceRead[dev, “Humidity] could
be entered 1n the notebook 2800, and after evaluation by the
computational application 140, the object x would be equal
to “21.4%”. Then, the object x could be utilized as a
parameter, mput, etc., of a subsequent function, expression,
etc., and the subsequent function/expression could be evalu-
ated by the computational application 140.

A DeviceReadlList function may be utilized to repeatedly
read items ol data from a connected device a specified
number of times. The DeviceReadlList function returns an
object corresponding to data read from the connected device
2620. The returned object may be in a format that is
computable by, and can be processed by, the high-level
language, functions, instructions, etc., of the computational
application 140. The DeviceReadList function may take one
Oor more arguments, in various embodiments. For example,
in an embodiment, a “device” argument may be utilized to
specily a device corresponding to a DeviceObject expres-
s10n/0bject. As another example, a “devclass”™ argument may
be utilized to specily a class of devices, and data may be read
from a default device 1n the specified class. In an embodi-
ment, one or more device parameters to be read from the
device may be specified.

A DeviceRead TimeSeries function may be utilized to read
items of data from a connected device at specified times or
intervals and conduct time series object, e.g., an object
including time-value pairs. The DeviceReadTimeSeries
function returns an object corresponding to data read from
the connected device 2620. The returned object may be in a
format that 1s computable by, and can be processed by, the
high-level language, functions, instructions, etc., of the
computational application 140. The DeviceRead TimeSeries
function may take one or more arguments, 1n various
embodiments. For example, in an embodiment, a “device”
argument may be utilized to specily a device corresponding
to a DeviceObject expression/object. As another example, a
“devclass” argument may be utilized to specily a class of
devices, and data may be read from a default device 1n the
specified class. In an embodiment, one or more device
parameters to be read from the device may be specified.

A DeviceReadLatest function may be utilized to read a
most recently collected item from a connected device. The
DeviceReadlLatest function may take one or more argu-
ments, 1n various embodiments. For example, in an embodi-
ment, a “device” argument may be utilized to specily a
device corresponding to a DeviceObject expression/object.
As another example, a number of most recently collected
items to be read from the device may be specified. In an
embodiment, one or more device parameters to be read from
the device may be specified.

A DeviceReadBufler function may be utilized to read the
entire contents of a buller on the device. The DeviceRead-
Bufler function may take one or more arguments, 1n various
embodiments. For example, in an embodiment, a “device”
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argument may be utilized to specity a device corresponding
to a DeviceObject expression/object. As another example, a
number of 1tems to be read from the buller may be specified.
In an embodiment, one or more device parameters to be read
from the device may be specified. In an embodiment, a
criterion parameter to indicate that data 1s to be read from the
bufler until the criterion 1s met.

A DeviceWrite function may be utilized to write a value
or a list of values to a device. The DeviceWrite function may
take one or more arguments, 1 various embodiments. For
example, 1n an embodiment, a “device” argument may be
utilized to specity a device corresponding to a DeviceObject
expression/object. As another example, one or more device
parameters to which one or more values are to be written
may be specified.

A DeviceExecute function can be utilized to cause the
connected device 2620 to execute a specified command. The
DeviceExecute function may take one or more arguments, 1n
vartous embodiments. For example, in an embodiment, a
“device” argument may be utilized to specily a device
corresponding to a DeviceObject expression/object. As
another example, a “command” that 1s to be executed may
be specified, in an embodiment. As another example, one or
more parameters for the command may be specified, in an
embodiment.

FIG. 29 1s an illustration of an example notebook 2900,
according to an embodiment. In the example of FIG. 29, the
DeviceExecute function 1s utilized to cause a weather station
device to execute a “ClearLCDDisplay” command to cause
the device to clear an LCD screen on the device. FIG. 30 1s
an 1llustration of an example notebook 3000, according to an
embodiment. In the example of FIG. 30, the DeviceExecute
function 1s utilized to cause check 1f a response on the device
1s available and to flush buflered data on the device.

A DeviceExecuteAsynchronous function may be utilized
to 1nitiate asynchronous execution of a specified command
on the device. In an embodiment, the DeviceExecute Asyn-
chronous includes one or more of the following parameters:
“device”, “command”, and “fun”, where “device” argument
may be utilized to specily a device corresponding to a
DeviceObject expression/object, “command” indicates the
command that 1s to be executed, and ‘“fun” indicates a
handler function fun to be called when an event occurs. FIG.
31 1s an 1llustration of an example notebook 3100, according
to an embodiment. In the example of FIG. 31, the Device-
Execute Asynchronous function is utilized to read from a
demonstration device that retrieves cookies from a specified
URL, calling a MATHEMATICA function URLFetchAsyn-
chronous in the background.

A DeviceStream function returns a stream or list of
streams associated with a device.

An IMAQ'StartCamera function may start an NI-IMAQ
camera device taking pictures.

In one illustrative example, the connected device 2620
includes or 1s communicatively coupled to a weather-related
hardware device (e.g., a Raspberry P1 Weather Module) that
includes a temperature sensor, a humidity sensor, and a
pressure sensor. A user may retrieve data from the hardware
device such as using the following sequence of high-level

programming inputs:

In[1] := obj = DeviceOpen|["RaspberryP1WeatherStation"]
Out[1] = DeviceObject[{RaspberryPiWeatherStation, 1}]
In[2] := DeviceRead[obj, “Temperature”]
Out[2] = 25 degrees Celsius
In[3] := DeviceRead[obj, “Humidity”]
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-continued

Out[3] = 30 percent
In[4] := DeviceRead[obj, “Pressure”]
Out[4] = 993 hectopascals

where In| |:=1s a prompt after which follows a user input,
and Out] |J=indicates a returned output responsive to the
corresponding input.

In another illustrative example, the connected device
2620 1includes or 1s communicatively coupled to a position-
ing system device (e.g., a GPS Module). A user may retrieve
data from the positioning system device such as using the
following sequence of high-level programming inputs:

serial=DeviceOpen|[“Senal”, {</dev/ttyusb0”,
“BaudRate”->96001}]

This returns a DeviceObject from which positioning data
(e.g., GPS data) can be read. For example, DeviceReadBui-
fer can be used to read all data that has been buflered thus
far.

data=DeviceReadBuller[senal, “String”’]

In one embodiment, the data may be returned in a comma
separated format called GPS NMEA sentences. This data
can be imported using ImportString.

csv=ImportString[data, “CSV”’]

The NMEA sentences that contain GPS coordinates start
with the string “$SGPRMC”, so the returned data can be
filtered:

gps=Cases[csv, {“SGPRMC”, _}]

In NMEA sentences, the coordinates (latitude and longi-
tude) are 1n the 4th and 6th position of each list:

Part[gps, 1, {4,6}]/100

which may return, 1n an example, a set of coordinates such
as:

140.0583, 88.1474}.

As discussed above, the user computer 102 can interact
with the connected device 2620 via a direct connection,
and/or the user computer 102 or another computer can
interact with the connected device 2620 via the server 152,
in various embodiments. In some embodiments, a function
such as the CloudAttach function can be utilized to interact
with the computing device 504.

In some embodiments, the cloud-based development sys-
tem 188 executed on the server 152 and 1) the connected
devices module 2604 executed on the computer 102 and/or
11) a module executed on the connected device 2620 may
assist making data collected from and/or generated by the
connected device 2620 available via the cloud storage 180.
Additionally, a wizard module executed on the server 152
and/or the computer 102 may assist the user 1n making data
available via the cloud storage 180. For example, the user
may be prompted to identify a source of the data (e.g., a file,
a sensor connection, an external source, etc.). The user may
specily how raw data 1s to be processed (e.g., unit conver-
s10m, statistical analysis, etc.). A template may be generated
that indicates how a report 1s to be generated using the raw
data (e.g., how the raw data 1s to be processed, formatting of
the report, etc.) In some embodiments, the template may
include high-level software that specifies how raw data 1s to
be processed, for example, and such software 1s evaluated
when an istance of a report 1s generated. In some embodi-
ments, the template or another mtermediary document may
be orgamized in sections or cells, and a user can specily
whether to exclude certain cells from a report, whether to
included certain cells 1n the report, etc. Sumilarly, in some
embodiments, a user may be able to suppress certain cells
that generate certain messages, and/or suppress a report
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altogether based on cell content (e.g., invalid data). A user
may be permitted to select an output format for a report: e.g.,

HTML, XML, CDF, downloadable, PDF, etc. A user may be

able to configure notifications regarding reports, such as a
list of recipients to be notified when reports are generated,
whether a generated report passes or fails, etc.

Additionally, scheduling of report instance generation
may be specified. For example, a report instance may be
generated periodically, at specified times, 1 response to
events, etc. For example, a report instance may be generated
upon a user request via the server 152, a report instance may
be generated periodically, a report instance may be gener-
ated when new raw data 1s available, etc. Then, the reports
and/or report instances may be deployed to the cloud storage
180 and thus made available via a URL, for example.

A user can utilize a function such as CloudPut[Report-
Generate| |]. A user can send report 1stances as an email
attachment or can send a link to a report istance or report.

Code Generation/Conversion

In various embodiments, systems such as described above
also 1nclude functionality that allows for the generation of
programming instructions in languages other than a native
language (“external languages™). For example, the cloud
platform may operate according to a primary language (e.g.,
Woliram Language), but may be capable of generating
programming 1nstructions for other, external languages (e.g.,
HTML, Javascript, Python, C++, Xcode, etc.).

A Function Call Interface creates a bi-directional mapping
of types between the primary language and the external
language. First a mapping 1s created between the primary
language types and the types of the external language.
Second, a parser 1s implemented to serialize the external
language types into the primary language.

The interface between the primary language and the
external language facilitates the use of the cloud platiorm
from within other programming languages. Specifically, the
interface facilitates the automatic generation of code 1n an
external language, which code can access the cloud platform
via an API (e.g., via an API generated by the CloudDeploy|
| function or the Instant API module).

An ExternalFunction| | function may operate to take an
input and perform some action or computation in a specified
external programming language. For example, “External-
Function[“Python”, {x}, x!] [10]” may cause the computa-
tion of 10 factorial (10!) using a Python function.

An EmbedCode[ ]| function may generate code in a
specified external programming language. For example,
“EmbedCode[oby, “Python™]” may cause an output of code
that can be used 1n a Python script to execute the function or
object stored as “obj”. The output may be in the form of a
file, in the form of text for cutting and pasting into the
external-language code, or both. In embodiments, the func-
tion or object called 1n the external language 1s set up as an
API accessing functionality of the cloud platiorm.

obj = CloudDeploy[ExternalFunction[“Python”, {x}, x!], Permissions
“Public”]
EmbedCode[obj, “Python™]

The example code above may define an object “oby” as the
output of the CloudDeploy function. The output of the
CloudDeploy function would be a URL (e.g., “https://
www.cloudplatiform.com/objects/abcdel12345”) that, when
accessed, executed the external Python function factorial x.
The EmbedCode tunction would output code that could be
included 1 a Python script, which code would access the

10

15

20

25

30

35

40

45

50

55

60

65

44

URL and execute (in the cloud) the external Python function
factorial x. That 1s, the Python script would be using
computing power of the cloud platform to perform the script.
The generated code, 1n this case, might look like:

import name

defendant 1(x):

return

name.call(*‘https://www.cloudplatiorm.com/objects/ab-
cdel2345”, x=x)

The utility of this construct 1s more readily apparent if we
change the example slightly. Consider the following:

obj = CloudDeploy[ExternalFunction[“Python”, {x}, x!], Permissions
“Public™]
EmbedCode[obj, “ObjectiveC™]

In this example, the object 1s defined the same way, but
the EmbedCode function generates Objective C code for
calling accessing the URL to execute (in the cloud) the
external Python function factorial x. Simply put, we have
just allowed an Objective C program to perform a function
that 1s 1mplemented 1n Python, eflectively performing a
conversion between the two languages.

Still further, the process described above need not include
two external languages. The object (obj) could be defined 1n
the primary language (instead of using the ExternalFunction
expression ), implemented as an API (e.g., using Instant API
or CloudDeploy[ ]), and called from an external language
program (e.g., Objective C or Python) by generating code in
the external language using the EmbedCode[ | function.

The ability to embed functionality of one language (either
the primary language or an external language) 1n code of an
(different) external language 1s advantageous 1n a number of
different circumstances. For instance, an algorithm that
cannot be run on a particular processor or on hardware that
1s lacking in some way, can be implemented on the cloud
plattorm, deployed as an API, and accessed by software
running on the particular processor hardware.

Similarly, functional limitations of a language can be
overcome. Objective C 1s viewed by some as lacking sui-
fictent wvisualization functionality. Using the system
described herein, the visualizations can be handled by the
cloud platform by, for example, creating a function to
perform the visualization processing on the cloud platform,
implementing an API to allow the function to be called,
generating code 1 Objective C to use the API to call the
function on the cloud platiform (including, possibly, passing
data—e.g., by way of the API-—irom the Objective C
program to the function executing on the cloud platiorm),
performing the visualization processing on the cloud plat-
form, and returning the visualized results to the Objective C
program.

In various embodiments, one or more of the following
syntaxes are utilized:

EmbedCode[obji]

In this example, code for embedding the object obj on a
web page 1s generated.

EmbedCode[oby. “dest”]

In this example, code for an external environment or
language of type “dest” 1s generated.

In EmbedCode[obj], the object obj can be a CloudObject,
according to an embodiment.

EmbedCode[obj] returns a string that can be inserted into
the HIML of a web page to embed obj on the page,
according to an embodiment.
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In EmbedCode[obj,*“dest™], the object oby can be a func-
tion with head APIFunction or FormFunction, according to
an embodiment.

Destinations relevant to the web may include:

“WebPage” URL for complete web page
“IFrame” embed code for an embeddable iframe
“HTML” standalone HTMUL code to be embedded on a page

{“dest”,framework} use the specified framework for the code generated

Possible frameworks for interactive web content may
include:

“CloudCDF” CloudCDF with interactivity purely powered by the cloud

“CloudCDFAllowingPlugin™ CloudCDF with autodetection of local CDF
plugin
“CDFPlugin™ cloud-hosted CDF for CDF plugin

Destinations relevant to languages may include: “Java”,
“Python™, “JavaScript”, “C#”, etc.

In typical cases of external programming languages,
EmbedCode returns an FEmbeddingObject containing an
Association giving a variety of elements necessary for the
embedding.

Typical options for EmbedCode may include:

<[> options specific to each environment or

language
Automatic name to use for generated external

ExternalOptions

ExternalFunctionName

External TypeSignature Automatic rules specifying mappings to
external

ImageSize Automatic size of embedded object in pixels

Method Automatic embedding method to use

Permissions Automatic permissions to set for the cloud object

With the default setting Permissions->Automatic, Embed-
Code[obj] will preserve the permissions for a cloud object
obj and will use permissions given by $Permissions if a new
cloud object 1s created, according to an embodiment.

With an explicit setting for Permissions, EmbedCode[obj]
will effectively use SetOptions to change permissions of a
cloud object obj, according to an embodiment.

External TypeSignature->{{“var,”->“type,”, . . . },“ret-
type”} specifies that var, should be of external type type,,
and that the return type for the whole function should be
rettype.

External TypeSignature->{{“type,”,“type,”, . . . },“ret-
type”} takes the nth argument to be of type type, .

The type, are native types specified as they are named in
the target language.

In many languages, possible external types include: “int”,
“double”, “string”.

The types of arguments can often be inferred from other
data in APIFunction, etc. where they appear. A type of
Automatic will use the inferred form.

In languages where types are used, the return type typi-
cally has to be set explicitly.

External TypeSignature->“rettype” specifies the return
type, and 1 possible infers all argument types.

In languages with dynamic typing, or without types, types
do not usually have to be set.

FIG. 32A illustrates an example notebook 3200 in which
EmbedCode, CloudDeploy, and APIFunction are used to
generate HITML code for accessing an API deployed to the
cloud. The generated HITML code can be inserted into
source code of a web page 1n order for the web page to
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utilize the API. FIG. 32B illustrates an example web page
that utilizes the generated HI'ML code.

FIG. 33 illustrates an example notebook 3300 1n which
EmbedCode, CloudDeploy, and APIFunction are used to
generate Python code for accessing an API deployed to the
cloud. The generated Python code can be 1nserted a Python
source code file to allow the Python code to access the API.

FIG. 34 illustrates an example notebook 3400 1n which
EmbedCode, CloudDeploy, and APIFunction are used to
generate JAVA code for accessing an API deployed to the
cloud. The generated JAVA code can be imserted a JAVA
source code file to allow the JAVA code to access the API.

FIG. 35 illustrates an example notebook 3500 in which
EmbedCode, CloudDeploy, and APIFunction are used to
generate JAVA code for accessing an API deployed to the
cloud. The generated JAVA code can be inserted a JAVA
source code file to allow the JAVA code to access the API.

FIG. 36 illustrates an example notebook 3600 1n which
EmbedCode 1s used to generate JAVA code for accessing an
API deployed to the cloud. The generated JAVA code can be
inserted a JAVA source code file to allow the JAVA code to
access the API. In the example of FIG. 36, the object “co”
1s as defined i FIG. 35.

In various embodiments, functions describe herein can be
modified, omitted, combined with other functions, etc. For
example, in some embodiments, CloudDeploy and Form-
Function are combined into single function, 1n an embodi-
ment. As another example, CloudDeploy and APIFunction
are combined mto single function, in an embodiment. As
another example, CloudDeploy and EmbedCode are com-
bined into single function, in an embodiment. As another
example, CloudDeploy and EmbedCode and APIFunction
are combined into single function, in an embodiment. As
another example, CloudDeploy and EmbedCode and Form-
Function are combined into single function, in an embodi-
ment.

Unless specifically stated otherwise, discussions herein
using words such as “processing,” “computing,” “calculat-
ing,” “determining,” “presenting,” “displaying,” or the like
may relfer to actions or processes of a machine (e.g., a
computer) that manipulates or transforms data represented
as physical (e.g., electronic, magnetic, or optical) quantities
within one or more memories (e.g., volatile memory, non-
volatile memory, or a combination thereof), registers, or
other machine components that receive, store, transmit, or
display information.

As used herein any reference to “one embodiment” or “an
embodiment” means that a particular element, feature, struc-
ture, or characteristic described in connection with the
embodiment 1s included in at least one embodiment. The
appearances of the phrase “in one embodiment” or the
phrase “in an embodiment” 1n various places in the speci-
fication are not necessarily all referring to the same embodi-
ment.

Some embodiments may be described using the expres-
s1on “coupled” and “connected” along with their derivatives.
For example, some embodiments may be described using
the term “coupled” to indicate that two or more elements are
in direct physical or electrical contact. The term “coupled,”
however, may also mean that two or more elements are not
in direct contact with each other, but yet still co-operate or
interact with each other. The embodiments are not limited 1n
this context.

As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparatus that
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comprises a list of elements 1s not necessarily limited to only
those elements but may include other elements not expressly
listed or mnherent to such process, method, article, or appa-
ratus. Further, unless expressly stated to the contrary, “or”
refers to an inclusive or and not to an exclusive or. For
example, a condition A or B 1s satisfied by any one of the
following: A 1s true (or present) and B 1s false (or not
present), A 1s false (or not present) and B 1s true (or present),
and both A and B are true (or present).

In addition, use of the “a” or “an” are employed to
describe elements and components of the embodiments
herein. This 1s done merely for convenience and to give a
general sense of the description. This description should be
read to include one or at least one and the singular also
includes the plural unless 1t 1s obvious that 1t 1s meant
otherwise.

At least some of the various blocks, operations, and
techniques described above may be implemented utilizing
hardware, a processor executing firmware instructions, a
processor executing soitware instructions, or any combina-
tion thereol. When implemented 1n hardware, the hardware
may comprise one or more of discrete components, an
integrated circuit, an ASIC, a programmable logic device,
ctc. When mmplemented utilizing a processor executing
software or firmware instructions, the software or firmware
instructions may be stored in any tangible, non-transitory
computer readable medium or media such as a magnetic
disk, an optical disk, a tape drive, a RAM, a ROM, a flash
memory, a memory of a processor, etc. Likewise, the soft-
ware or firmware 1nstructions may be delivered to a user or
a system via any known or desired delivery method includ-
ing, for example, on a tangible, non-transitory computer
readable medium or media, or via communication media.
The software or firmware instructions may include machine
readable 1nstructions that, when executed by the processor,
cause the processor to perform various acts.

Upon reading this disclosure, those of skill in the art will
appreciate still additional alternative structural and func-
tional designs for a system and a process for identifying
terminal road segments through the disclosed principles
herein. Thus, while particular embodiments and applications
have been 1illustrated and described, 1t 1s to be understood
that the disclosed embodiments are not limited to the precise
construction and components disclosed herein. Various
modifications, changes and variations, which will be appar-
ent to those skilled 1n the art, may be made in the arrange-
ment, operation and details of the method and apparatus
disclosed herein without departing from the spirit and scope
defined 1n the appended claims.

What 1s claimed 1s:
1. A method for generating an application programming
interface (API), the method comprising:

receiving, at one or more computers, programmer mnput 1n
a programming language, the programmer mput includ-
ing 1) first specification data specilying one or more
parameters to be passed to an APIL, and 11) second
specification data that specifies a function to be per-
formed by the API;

evaluating, at one or more computers, the programmer
iput to generate an API object that 1s configured to,
when executed, perform the specified function using
the one or more parameters, wherein evaluating the
programmer mput includes evaluating the first specifi-
cation data to generate the API object such that the API
object 1s configured to receive the one or more param-
eters; and
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storing the API object in a memory device of, or com-

municatively coupled to, the one or more computers.

2. The method of claim 1, wherein the parameter that
indicates the function to be performed includes a built-in
function of the programming language.

3. The method of claim 1, wherein the parameter that
indicates the function to be performed includes a user
defined function expressed using the programming lan-
guage.

4. The method of claim 1, wherein evaluating the pro-
grammer mnput to generate the API object comprises gener-
ating the API object to be configured to:

receive a parameter in a natural language format;

perform natural language processing on the natural lan-

guage mput to generate a processed mput; and

apply the function to the processed nput.

5. The method of claim 1, wherein:

the programmer mnput includes a single built-in function

of the programming language;

the first specification data 1s a first parameter of the

built-in function; and

the second specification data 1s a second parameter of the

built-in function.

6. The method of claim 1, wherein:

recerving the programmer mput comprises recerving the

programmer mput as a parameter of a built-in function
of the programming language, the built-in function
corresponding to cloud deployment;

the method further includes evaluating, at one or more

computers, the built-in function; and

in response to evaluating the built-in function, storing the

API object 1n a network-accessible memory storage
system.

7. The method of claim 1, wherein:

evaluating the first specification data includes:

evaluating the first specification data to determine a data

type of input to the function indicated by the parameter,
and

based on the determined data type, generating code cor-

responding to processing data of the determined data
type.

8. A system for generating an application programming,
interface (API), comprising:

one or more processors; and

one or more memory devices coupled to the one or more

processors, the one or more memory devices storing

machine readable instructions that, when executed by

the one or more processors, cause the one or more

Processors to:

receive programmer mnput 1n a programming language,
the programmer 1mput including 1) first specification
data speciiying one or more parameters to be passed
to an API, and 11) second specification data that
specifies a function to be performed by the API;

evaluate the programmer mnput to generate an API
object that 1s configured to, when executed, perform
the specified function using the one or more param-
eters, wherein evaluating the programmer input
includes evaluating the first specification data to
generate the API object such that the API object 1s
configured to receive the one or more parameters;
and

store the API object 1n a tangible, non-transitory com-
puter readable medium.

9. The system of claim 8, wherein the parameter that
indicates the function to be performed includes a built-in
function of the programming language.
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10. The system of claim 8, wherein the parameter that
indicates the function to be performed includes a user
defined function expressed using the programming lan-
guage.

11. The system of claim 8, wherein evaluating the pro-
grammer 1mput to generate the API object comprises gener-
ating the API object to be configured to:

receive a parameter in a natural language format;

perform natural language processing on the natural lan-

guage iput to generate a processed put; and

apply the function to the processed 1nput.

12. The system of claim 8, wherein:

the programmer input includes a single built-in function

of the programming language;

the first specification data 1s a first parameter of the

built-in function; and

the second specification data 1s a second parameter of the

built-in function.

13. The system of claim 8, wherein the one or more
memory devices store machine readable instructions that,
when executed by the one or more processors, cause the one
Or more processors to:

receive the programmer input as a parameter of a built-in

function of the programming language, the built-in
function corresponding to cloud deployment;

evaluate the built-in function; and

in response to evaluating the built-in function, store the

API object in a network-accessible memory storage
system.

14. The system of claim 8, wherein the one or more
memory devices store machine readable instructions that,
when executed by the one or more processors, cause the one
Or more processors to:

cvaluate the first specification data to determine a data

type of input to the function indicated by the parameter,
and

based on the determined data type, generate code corre-

sponding to processing data of the determined data
type.

15. A tangible, non-transitory computer readable medium,
or media, storing instruction thereon that, when executed by
one or more computer processors, cause the one or more
computer processors 1o:

receive programmer mnput in a programming language,

the programmer mput including 1) first specification
data specilying one or more parameters to be passed to
an application programming interface (API), and 11)
second specification data that specifies a function to be
performed by the API;

evaluate the programmer mput to generate an API object

that 1s configured to, when executed, to perform the
specified function using the one or more parameters,
wherein evaluating the programmer input includes
evaluating the first specification data to generate the
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API object such that the API object 1s configured to
receive the one or more parameters; and

store the API object 1n a tangible, non-transitory computer

readable medium.

16. The tangible, non-transitory computer readable
medium, or media, of claim 15, wherein the parameter that
indicates the function to be performed includes a built-in
function of the programming language.

17. The tangible, non-transitory computer readable
medium, or media, of claim 15, wherein the parameter that
indicates the function to be performed includes a user

defined function expressed using the programming lan-
guage.

18. The tangible, non-transitory computer readable
medium, or media, of claim 15, further storing instruction
thereon that, when executed by one or more computer
processors, cause the one or more computer processors 1o
generate the API object so that the API object 1s configured
to:

receive a parameter in a natural language format;

perform natural language processing on the natural lan-

guage nput to generate a processed iput; and

apply the function to the processed mnput.

19. The tangible, non-transitory computer readable
medium, or media, of claim 15, wherein:

the programmer mnput includes a single built-in function

of the programming language;

the first specification data 1s a first parameter of the

built-in function; and

the second specification data 1s a second parameter of the

built-in function.

20. The tangible, non-transitory computer readable
medium, or media, of claim 15, further storing instruction
thereon that, when executed by one or more computer
processors, cause the one or more computer processors to:

recerve the programmer mput as a parameter of a built-in

function of the programming language, the built-in
function corresponding to cloud deployment;

evaluate the built-in function; and

in response to evaluating the built-in function, store the

API object 1n a network-accessible memory storage
system.

21. The tangible, non-transitory computer readable
medium, or media, of claim 15, further storing instruction
thereon that, when executed by one or more computer
processors, cause the one or more computer processors 1o:

cvaluate the first specification data to determine a data

type ol input to the function indicated by the parameter;
and

based on the determined data type, generate code corre-

sponding to processing data of the determined data

type.
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